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IN^THE-UNITED STATES PATENT AND TRADEMARK OFFICE 



Patent No. 
Patentee 

Assignee 

Issued 

Application 

Filed 

For 



5,639,940 

Ian Garner, Michael A. Dalrymple*, Donna E. Prunkard and 
Donald C. Foster 

Pharmaceutical Proteins, Ltd. and ZymoGenetics, Inc. 
June 17, 1997 
08/206,176 
March 3, 1994 , 

PRODUCTION OF FIBRINOGEN IN TRANSGENIC ANIMALS 

New York, New York 
January 15, 1999 



Hon. Assistant Commissioner for Patents 
Washington, D C. 20231 



PETITION TO CORRECT INVENTORSHIP 



Sir: 



The patentees and the assignees of record of the above-identified Garner 
patent ("the '940 patent") petition to correct inventorship by deleting Ian Garner and 
Michael A. Dalrymple as named inventors. 37 C.F.R. § 1.324. After the correction, co- 
inventors Donna E. Prunkard and Donald C. Foster will remain as the joint inventors of 
the '940 patent. 

Supporting papers filed herewith are Declaration Under 37 C.F.R. 
§ 1.324(b)(1) and (b)(2) of Ian Garner, Michael A. Dalrymple, Donna E. Prunkard and 



Dr. Dalrymple's middle initial was erroneously printed as "L" in the '940 patent. 



£tf>re<>e A/I Out 



Donald C. Foster (Exhibit 1), Declaration of Gary E. Parker Under 37 C.F.R. § J. 324(a) 
(Exhibit 2), and two Consents of Assignee to Correct Inventorship (Exhibits 3 and 4). 
The Consents are executed by the assignees of record, Pharmaceutical Proteins, Ltd. and 
ZymoGenetics, Inc., respectively. 

Because the '940 patent is now part of Gamer v. Velander, Interference 
No. 104,242, this petition and its supporting papers were also filed in the interference. 

As described in detail below, Donna E. Prunkard and Donald C. Foster are 
the true inventors of the subject matter claimed in the '940 patent. Ian Garner and 
Michael A. Dalrymple merely assisted Donna E. Prunkard and Donald C. Foster in 
reducing the claimed invention to practice, and did not make any inventive contribution to 
the invention. 

A. The Legal Standard 

"Conception" is the formation in the mind of the inventor of a definite idea 
of the "complete and operative invention " See, e.g., Burroughs Welcome Co. v. Barr 
Laboratories Inc., 40 F.3d 1223, 1228, 32 USPQ.2d 1915, 1919 (Fed. Cir. 1994). 
"Reduction to practice" is the actual performance or carrying out of the invention. One 
who conceives is an inventor. Id. One who reduces to practice an already conceived 
invention is not an inventor. Id. 

A definite idea of the complete and operative invention, i.e., conception, is 
had when a skilled worker could put the idea into practice without inventive skill or undue 
experimentation. See, e.g., Sewallv. Walters, 21 F.3d 411, 414-415, 30 USPQ2d 1356, 
1359 (Fed. Cir. 1994): 

Conception is complete when one of ordinary skill in the art 
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could [practice the invention] without unduly extensive 
research or experimentation (emphasis added). 

Sewall alleged that he aided Walters in conceiving the invention and should 
therefore be named as a co-inventor. The Court held, however, that when Walters 
communicated his inventive ideas to Sewall, no more than ordinary skill would have been 
needed to reduce to practice Walters' proposed invention. As a result, the Court found 
Walters to be the sole inventor of the claimed invention. See also y Summers v. Vogel, 332 
F.2d 810, 816, 141 USPQ 816, 820 (CCPA 1964) (senior party in interference had 
conceived the instrument of the count because construction of the claimed instrument on 
the basis of that conception "required only the exercise of the ordinary skill of the art"). 

The same legal standards apply to joint inventorship. Each joint inventor 
must "make some contribution to the inventive thought and to the final result." Monsanto 
v. Kamp, 269 F. Supp. 818, 824, 154 USPQ 259, 262 (D. DC. 1967). See also Williams 
Serv. Group Inc. v. O.B. Cannon and Son Inc., 33 USPQ2d 1705, 1727 (E.D. Pa. 1994). 
Further, a complete and operative conception which one inventor makes "before 
commencement of the collaborative effort never can be treated as the conception of a joint 
invention or as a joint invention." General Motors Corp. v. Toyota Motors Co. Ltd., 467 
F. Supp. 1142, 1163, 205 USPQ 158, 179 (S.D. Ohio 1979). 

B. Donna Prunkard and Donald Foster Are the Joint Inventors 

Donna Prunkard and Donald Foster jointly conceived the production of 
biocompetent fibrinogen in the milk of transgenic animals and of transgenic animals 
capable of producing such fibrinogen (Exhibit 1,12). They made that conception before 
they had any discussions or began working with Ian Garner and Michael A. Dalrymple in 
connection with the transgenic production of fibrinogen (Exhibit 1, f 2). 
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At the time of their conception, biocompetent human fibrinogen had been 
produced in mammalian cell cultures using cDNA constructs encoding and capable of 
expressing, respectively, the Aa, Bp and y chains of fibrinogen. See, e.g., Roy et al., L 
Biol Chem.. 266, pp. 4758-4763 (1991) (three different cDNA constructs each encoding 
a fibrinogen Aa, BP or y chain were co-transfected and expressed in cultured monkey 
kidney cells and cultured human hepatocytes) (Exhibit 5); Farrell et al., Biochemistry. 30, 
pp, 9414-9420 (1991) (three different cDNA constructs each encoding a fibrinogen Aa, 
Bp or y chain were co-transfected and expressed in cultured baby hamster kidney cells) 
(Exhibit 6). 

Further, at the time Prunkard and Foster conceived their invention, 
mixtures of multiple DNA constructs had been used to establish transgenic animals that 
contained in their genomes all the injected constructs. See, e.g., Burdon et al., J. Biol. 
Chem.. 266, pp. 6909-6914 (1991) (three different transgenes, each representing an allele 
of the mouse whey acidic protein gene, were co-injected into mouse zygotes which 
developed into mice that carried all three transgenes) (Exhibit 8). Transgenic animals 
established in this manner were capable of producing the desired heterologous multi- 
subunit protein in a targeted tissue such as the mammary gland. See, e.g., Greenberg et 
al., Proc. Natl. Acad. ScL 88, pp. 8327-8331 (1991) (co-injections of two separate 
transgenes encoding the alpha and beta subunits, respectively, of the heterodimeric bovine 
follicle-stimulating hormone gave rise to transgenic mice that produced in their milk the 
biologically active hormone) (Exhibit 7); Storb et al, J. Exp. Med. ' 164, pp. 627-641 
(1986) (mouse zygotes co-injected with rearranged mu and kappa genes developed into 
transgenic mice that produced the desired assembled, tetrameric antibodies in their B cells) 
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(Exhibit 9); and Behringer et al., Science . 245, pp. 971-973 (1989) (co-injection of DNAs 
encoding human a and p-globin into mouse zygotes gave rise to transgenic mice that 
produced assembled, tetrameric human hemoglobin in the targeted tissue (Exhibit 13). 

Simply put, at the time of the conception of Prunkard and Foster, the state 
of the recombinant fibrinogen and transgenic arts was sufficiently high for skilled workers 
in those arts to carry out, without inventive effort or undue experimentation, all the 
construction and procedural steps necessary to produce a transgenic animal that contained 
and expressed transgenes encoding each of the three fibrinogen chains in mammary 
tissues. All that remained to be accomplished after Prunkard and Foster conceived their 
invention and communicated that conception to Garner and Dalrymple was reduction to 
practice. Given the state of the art, that required no "unduly extensive research or 
experimentation" {supra, p. 3). 

Ian Garner and Michael Dalrymple merely assisted Donna Prunkard and 
Donald Foster in reducing to practice the already conceived invention (Exhibit 1, 1f 3). 
They provided the cloning vector into which Ms. Prunkard separately inserted the 
genomic DNA sequences coding for the Ace, BP and y chains of fibrinogen (Exhibit 1, 
If 3). That cloning vector is not claimed in the '940 patent or the application from which it 
issued (Exhibit 1, H 3). In fact, a similar vector had already been described in the art 
before that cloning vector was provided to Prunkard and Foster. See, e.g., WO 90/05188 
(Exhibit 1, U 3; Exhibit 10). 

Ian Garner and Michael Dalrymple also assisted Donna Prunkard and 
Donald Foster in reducing to practice the already conceived invention by (1) supervising 
the injection into mouse zygotes of mixtures of DNA fragments prepared from the three 
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fibrinogen DNA constructs that Donna Prunkard and Donald Foster had made and 
provided to them for just that purpose, and (2) supervising the making of transgenic 
animals from these injected zygotes (Exhibit 1, If 3). Such injections and procedures were 
not inventive. As discussed supra pp. 4-5, at the time of the Prunkard and Foster 
conception, mixtures of multiple DNA constructs had already been used to transfect 
mammalian cells and to inject mammalian zygotes, and transgenic animals that produced a 
desired heterologous multi-subunit protein in a targeted tissue (e.g., the mammary gland) 
had been produced from such zygotes (Exhibit 1, Tf 3). 

In sum, Ian Garner and Michael Dalrymple did not make an inventive 
contribution to the claims of the '940 patent. Conception of the invention by Donna 
Prunkard and Donald Foster was complete before Garner and Dalrymple became their 
collaborators in the production of biocompetent fibrinogen in the milk of transgenic 
animals. At best, Garner and Dalrymple assisted the true joint inventors of the claimed 
subject matter, Donna Prunkard and Donald Foster, in reducing the already conceived and 
completed invention to practice. 

The error in naming Ian Garner and Michael Dalrymple as joint inventors 
on the Garner application arose without deceptive intent (Exhibit 1, H 4; Exhibit 2, ^ 7; 
Exhibits 1 1 and 12). The original designation looked to those individuals who had made 
intellectual contributions to either the conception or reduction to practice of the 
production of biocompetent human fibrinogen in the milk of transgenic mice (Exhibit 1, 
T| 4; Exhibit 2, 1} 7; Exhibits 1 1 and 12). It did not separately consider those involved in 
conceiving the claimed invention as opposed to those involved merely in its actual 
reduction to practice. This error was not discovered until patentees and their counsel 
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reviewed, in connection with the Garner v. Velander interference, the Garner application, 
the '940 patent, and the work underlying the inventions claimed in the application and 
patent (Exhibit 1, If 5; Exhibit 2, H 8). 



In view of the foregoing, patentees request that this Petition be granted and 



The Commissioner is hereby authorized to charge the $130 petition fee (37 



C.F.R. § 1.20(b)) and any additional fee due, or to credit any overpayment, in connection 
with this Petition, to Deposit Account No. 06-1075. A duplicate copy of this Petition is 
enclosed herewith. 



Of Counsel: 

Z. Ying Li, Reg. No. 42,800 

Karen Mangasarian, Reg. No. P-43,772 

c/o FISH & NEAVE 

1251 Avenue of the Americas 
New York, New York 10020 
Tel.: 212-596-9000 



Gary E. Parker, Reg. No. 3 1,648 
Zymogenetics, Inc. 
1201 Eastlake Avenue East 
Seattle, WA 98102 



the inventorship be amended. 



Respectfully submitted, 




c/o FISH & NEAVE 

1251 Avenue of the Americas 
New York, New York 10020-1104 
Tel.: (212) 596-9000 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Patent No. 
Patentee 

Assignee 

Issued 

Application 

Filed 

For 



5,639,940 

Ian Gamer, Michael A. Dalrymple*, Donna E- Pmnkard and 
Donald C Foster 

Pharmaceutical Proteins, Ltd. and ZymoGenetics, Inc. 
June 17, 1997 
087206,176 
March 3, 1994 

PRODUCTION OF FIBRINOGEN IN TRANSGENIC ANIMALS 

New York. New York 
January IS, 1999 



Hon. Assistant Commissioner for Patents 
Washington, D.C. 20231 

DECLARATION UNDER. 37 C-FR. § 1324(bXl) AND (b)(2) 
OF IAN GARNER, MICHAEL A DALRYMPLE, 

DONNA E. P ttTTXTEARTI Apr* pONAIJJ C FOSTER 

Sir: 

We, IAN GARNER, MICHAEL A. DALRYMPLE, DONNA E 
PRUNKARD, and DONALD C. FOSTER hereby declare that; 

1 We are the named inventors of the above-identified patent and 
application from which it issued, and make this declaration in support of the 
accompanying Gamer's Motion to Correct Inventorship and Gamer's Petition to Correct 
Jrtvcruership. 



Dr. Daliymple's nndttle initial was crrontaasly printed as T" in the *940 patent. 



2. As to Dcmna JB. Prunkard and Donald C. Foster, we conceived the 

, in the milk of transgenic animals and of the 
transgenic annuals capable of producing such fibrinogen. This conception occurred before 
either of ua had any discussions or began working Ganw ^ Mchael a. 

Dalrymple in connection with the production of fibrinogen in the milk of transgenic 
animals. We believe that at the time of our conception, all that remained to be 
accomplished was the actual reduction to practice of the conceived invention. We do not 
brieve that such reduction to practice required any inventive skill or undue 
experimentation. 

3. as to lan Gamer and Michael A. Dalrymple, we did not aid Donna 
E Fruiucard and Donald C. Foster in their conception of making biocompetent fibrinogen 
in the milk of transgenic animals or of transgenic animals capable of producing sueh 
fibrinogen. We did not have any discussions or begin our collaboration with them in 
regard to the production of fibrinogen in the milk of transgenic animals until they bad 

completed their conception. 

We assisted Donna E Prunkard and Donald C. Foster m making transgenic 
xaU* that produced bicco^ We provided the 

dotting vector into which Ms. Prunkard separately inserted the sewwde DNA sequences 
cocfa^ for the Aa, BP and rebate That domng vector is not 

claimed in the l 940 patent. Before we provided that cl^ng vector to Donna Prux&ard 
and Donald Foster, a similar vector bad been described in mUsnanotial published patent 
application WO 90/05188 (Garner Eidubit 10) 

We also assisted Donna Prunkard and Donald Foster In making transgenic 



2 



mice by supervising (1) the injection into mouse oocytes of mixtures of DNA fragments 
prepared ft*»m the three fibrinogen DNA constructs that Ms. Prunkard bad made and 
provided to u* for that purpose, and (2) the nuking of transgenic animals from these 
oocytes. Such procedures required no inventor effort or undue experimentation on our 



part. 



In fact, st this time, biocompeteat human fibrinogen had been produced in 
cultured maminaUan cells stably transacted with three cDNA constructs that encoded and 
expressed, respectively, the Act, Bp and y chain of fibrinogen. See. Roy et el., L 
Biol. Chem. 266, pp. 4?58-4763 (1991) Cthrce cHfferent cDNA constructs each encoding 
a fibrinogen AO, BP or y chain were eo-transfected and expressed in cultured monkey 
kidney cells and cultured human hepatocytes) (Gamer Exhibit S); Farrell et al., 
ttmrAermstrv. 30, pp. 9414-9420 (1991) (three different cDNA constructs each encoding 
a fibrinogen Aa, Bp or Y chain were co-transracted and expressed in cultured baby 

hamster kidney cells) (Gamer Exhibit 6). 

Frrtw Ky rhis time, mixtures of multiple DNA constructs had been used 
to establish transgenic annwals that waitained in tneir genomes all the injected constructs. 
Transgenic animals established in this manner were capable of producing a desired 
heterologous muln-suburut protein in a targeted tissue, such as the matnmary gland. Sec, 
e.g.> Greenberg et aL, ^ Mart. Acad. ScL 88, pp. 8327-8331 (co-injections of 

the two separate transgenes encoding the alpha and beta summits, resjjectively. of the 
hetarodirneric bovine fcfficle-stirraitaring hormone gave rise to transgenic mice that 
produced in their imlk the biologically active hormone) (Gamer Exhibit 7); Burden et al.. 
I Trial. Cham.. 366, pp. 6909-6914 (1991) (three afferent transgenes. each representing 



an allele of the mouse whey acidic protein gene, wefts co-injected into mouse oocytes 
wnicfa developed into irocetlmtc^^ 

transgcoes) (Gamer Exhibit *>; StoA et «t . J.frm.Med., 164, pp. 627- (i!>86) (co- 
upon of rearranged mu and k genes develop transgenic mice that produce the desired 
asembled antibodies in their B cells) (Gamer Exhibit 9). 

We believe that we made no inventive contribution to the subject matter 
claimed in the '940 patent or the application from which it issued. 

4. We believe and understand thai the error in naming Ian Garner and 
Michael A. Dalrymple as oo-ffiventors on the Gamer application, as filed, arose without 
deceptive intent. We understand that the error resulted from naming on the application 
those who had made intellectual contributions to either the conception or reduction to 
practice of the production of biocompetem fibrinogen m the milk of transgenic mice. We 
understand that the original designation of inventorship did not separately consider those 
involved in conceiving the invention as opposed to those involved merely in its actual 

reduction to practice. 

5. We believe and understand that the error in mventorship was not 
discovered unrUvffi aim owcourisd reviewed Ketoafcr, 
UrterferenceNo. 104,242, Hie '940 patent in interference, the application from which the 
patent issued, and the work underlying the mventions claimed in the application and 
patent. 

6. We hereby declare further that all statan^ made hereof our 
own knowledge are true and that all statements made on information and belief are 
heheved to be tn«; and lurthcr ^ 



willful false statements and the like so made are punishable by fine, or iatprisonment. or 
both, under 16 U.S.C. § 1001, and that such willfiil fclse statements may jeopardize the 
validity of the above-identified patent. 



!6mXn^7 \°m 

Date 



Date 
Date 
Date 




Ian Gamer 




Michael A. D 



Donna E Prufikard 




Donald C. Foster 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Patent No. 
Patentee 

Assignee 

Issued 

Application 

Filed 

For 



5,639,940 

Ian Gamer, Michael A. Dalrymple*, Donna E. Prunkard and 
Donald C Foster 

Pharmaceutical Proteins, Ltd. and ZymoGenetics, Inc. 
June 17, 1997 
08/206,176 
March 3, 1994 

PRODUCTION OF FIBRINOGEN IN TRANSGENIC ANIMALS 



Sir: 



DECLARATION OF GARY E. PARKER 
TTKmFR ^7 CFR. 6 1.324(al 



L GARY E. PARKER, hereby declare that: 

1 . I make this declaration in support of the accompanying Garner 's 
Motion to Correct Inventorship and Garner's Petition to Correct Inventorship. 

2. I am Principle Patent Agent at ZymoGenetics, Inc., Seattle, 
Washington. In March 1994, 1 was the Manager of the Patent Department at 
ZymoGenetics. I am registered to practice before the United States Patent and Trademark 
Office. I am not an attorney. 



Dr. Dalrymple's middle initial was erroneously printed as "L" in the '940 patent. 



an 



su 



3 . I prepared and filed the ' 1 76 application that issued as the above- 
identified '940 patent. Before filing the application, I considered the inventorship of the 
claims presented. 

4. In my consideration of inventorship, I investigated who had made 
intellectual contribution to either the conception or reduction to practice of the claimed 

ibject matter. See my pre-filing letter to Andy Carver, an embryologist at 

Pharmaceutical Proteins, Ltd. (Garner Exhibit 1 1 ; partially expurgated): 

Under U.S. law, an inventor is one who made an inventive 
contribution to the rteimgrf subject matter. Although the 
definition sounds circular, in general an inventor is one who 
made an intellectual contribution to the conception or 
reduction to practice of the invention, that is one who 
contributed more than routine technical skills to solving the 
problem(s) addressed by the invention, (emphasis original) 

See also Mr. Carver's pre-filing response (Garner Exhibit 12; partially 

expurgated): 

As for the Inventors, we realise the importance of the 
choice with regards to patent legality and therefore suggest 
Ian Garner, Mike Dalrymple from PPL and Donna Prunkard 
and Don Foster from Zymo. 

5 Using the standard "conception or reduction to practice" and 
considering Mr. Carver's views, I named Ian Garner, Michael A. Dalrymple, Donna E. 
Prunkard and Donald C. Foster, as co-inventors. Each, in my view, had made an 
mtellectual contribution to either the conception or reduction to practice of a method to 
produce biocompetent fibrinogen in the milk of transgenic animals, and animals useful in 
that method. 

I believe that I named Donna Prunkard and Donald Foster as inventors 
because they had decided to make fibrinogen in the milk of transgenic animals and made 
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the set of DNA constructs needed for the production. I believe that I named Ian Garner 
and Michael Dalrymple as inventors because I understood that they had provided the 
cloning vector to Donna Prunkard and had been involved in the production of the 
transgenic animals that produced biocompetent fibrinogen in their milk. 

6. I now believe that the inventorship of the *940 patent and the 
application from which it issued is in error. Ian Gamer and Michael A. Dalrymple should 
be deleted as co-inventors. After correction, co-inventors Donna E. Prunkard and Donald 
C. Foster will remain as the joint inventors of the '940 patent. 

7. The error in my naming Ian Garner and Michael A. Dalrymple as 
co-inventors on the application that issued as the '940 patent arose without deceptive 
intent. As stated above, the error resulted from my considering as inventors those who 
made an intellectual contribution to either conception or reduction to practice of the 
claimed invention. At the time I made this determination, I erroneously did not separately 
consider conception and reduction to practice. I do not recaU why I considered 
conception and reduction to practice together. I believe, however, that if I had followed 
the correct legal standard, I would have named only Donna E. Prunkard and Donald C. 

Foster as co-inventors. 

8 I believe and understand that the error in inventorship was not 

discovered until I reviewed, in connection with counsel in Garner v. Velander, 
Interference No. 104,242, the Garner application, the '940 patent in interference, and the 
work underlying the inventions claimed in the application and patent. 

9. I hereby declare further that all statements made herein of my own 
knowledge are true and that all statements made on information and belief are believed to 
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be tme; and further that these statements are made with the knowledge that willful false 
statements and the like so made are punishable by fine, or imprisonment, or both, under 
18 U.S.C. § 1001, and that such willful false statements may jeopardize the validity of the 
above-identified patent. 




5^ — + Gary E. ftiktr (Reg. No.3 1,648) 




Principle Patent Agent 
ZymoGenetics, Inc. 
1201 Eastlake Avenue East 
Seattle, WA 98102 



4 




IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Patent No. 5,639,940 

Patentee Ian Gamer, Michael A Dalrymple*, Donna E Prunkard and Donald C. 

Foster 

Assignee Pharmaceutical Proteins, Ltd., and ZymoGenetics, Inc. 

Issued June 17, 1997 

Application 08/206,176 
Filed March 3, 1994 

For PRODUCTION OF FIBRINOGEN IN TRANSGENIC ANIMALS 

Hon. Assistant Commissioner for Patents 
Washington, D C. 20231 

CONSENT OF ASSIGNEE TO CORRECT 1NVENTORSHTP 

Sir: 

Pharmaceutical Proteins, Ltd., a co-assignee of the above-identified '940 patent, 
by virtue of an August 12, 1994 assignment of United States patent application 08/206,176, filed 
March 3, 1994, from Ian Garner and Michael A. Dalrymple, recorded at Reel 7166, Frame 0931, 
hereby consents to correct the inventorship of the '940 patent by deleting Ian Gamer and 
Michael A. Dalrymple as named inventors and thus amending inventorship to Donna E 
Prunkard and Donald C. Fosterjointly. 37 C.F.R. § 1.324(b)(3). 

Pursuant to 37 C.F.R. § 3.73(b), the undersigned hereby states and certifies as 

follows: 



* Dr Dalrymple 1 * middle initial was erroneously printed as "L" in the patent. 



1. I am an officer of assignee corporation and am authorized to act on behalf 
of assignee corporation with respect to the above-identified "940 patent , and 

2. The relevant evidentiary documents have been reviewed and, to the best 
of my knowledge and belief; an undivided Share of the title to the '940 patent is in the assignee. 



PHARMACEUTICAL PROTEINS, LTD. 



Date 



Name 



Title: &€£&9*>cH /)/*-&<=-7~t><£- 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Patent No. 5,639,940 

Patentee Ian Gamer, Michael A. Dalrymple*, Donna E. Prunkard and Donald C. 

Foster 

Assignee Pharmaceutical Proteins, Ltd., and ZymoGenetics, Inc. 

Issued June 17, 1997 

Application 08/206,176 

Filed March 3, 1994 

For PRODUCTION OF FIBRINOGEN IN TRANSGENIC ANIMALS 



Hon. Assistant Commissioner for Patents 
Washington, D.C. 20231 

CONSENT OF ASSIGNEE TO CORRECT INVENTORSHIP 

Sir 

ZymoGenetics, Inc., a co-assignee of the above-identified '940 patent, by virtue 
of an August 19, 1994 assignment of United States patent application 08/206,176, filed 
March 3, 1994, from Donna E. Prunkard and Donald C. Foster, recorded at Reel 7166, Frame 
0921, hereby consents to correct the inventorship of the '940 patent by deleting Ian Garner and 
Michael A. Dalrymple as named inventors and thus amending inventorship to Donna E. 
Prunkard and Donald C. Foster, jointly. 37 C.F.R. § 1.324(b)(3). 

Pursuant to 37 C J R. § 3.73(b), the undersigned hereby states and certifies as 



* Dr. Dalrymple's middle initial was erroneously printed as "L" in the patent. 



SET "ON 



ld3d IKGlbd I3Z Udt70:ZT 666T "FT "Mbf 



follows: 

1 . I am an officer of assignee corporation and am authorized to act on behalf 
of assignee corporation with respect to the above-identified '940 patent; and 

2. The relevant evidentiary documents have been reviewed and, to the best 
of my knowledge and belief; an undivided share of the title to the '940 patent is in the assignee. 



2VM0GENETICS, INC., 



Date 




Name: ^/ft/frfE? 

Title: 5rlAf fiOMfH+Mmln . 
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Tkz Journal op Biological Cmutmv 

C 1991 by Tbt Amtrieaa SccSttytofiSSnittiy tod MotocBlv Biology, Inc. 



VoL No. a. b» or Mik* 16. pp. 47M-4763 1901 

On U.S.A. 



Assembly and Secretion of Recombinant Human Fibrinogen* 

(Received for publication, July 23, J990) 

Samar N. Roy, Roman Procyk, Bohdan J. Ktidryk, and Colvin M. Redman* 

^ Klmb0U of THe Neu, York Blood Center, Neu, York. Neu, York 1002! 



Expression vectors containing full-lenath cDNAa for 
•ach of the human fibrinogen chain. ie^SJ^tS 
COS-1 cell* were transfected with single vectow mix. 
tare, of two, or with all three vector? L?*aMe^3l 
wit^S^- tr ™*°<*»4 with single v^rs^r 
Sa\T5E? m ° f ^V 66 ^"' ««P"~ed the appro! 
pr ate fibrinogen chains but did not secrete them. COS 
""•Jf an « fected with three vector, expressed all of the 
2^i. and * eCreted COS cell, transected 

Si J?«t^ VeCt0rf C f nt ^ ned ' i»traceUularly, a mS 
fibri»ogen-related protein.. The four main in. 
tracellular products were nascent fibrinogen, an Aa -y 
complex, free Aa chain., and free y ehaiL TW. fa I 
f'? Ular n P ? tte r n *° that aoU * l» Hep G2 eell^Thi 
intracellular forms of fibrinogen were positive to en! 
?olii^ idMe H ' ta^f that they re.We i . prt 
Golgi compariment. Secreted fibrinogen was endoglyl 
cosidase H-iMenaitive. suggesting that the secreted 

J;^ he K m " e l W ^ th pIa » ma fibrinogen, radio- 
i r ^ mb ««>t fibrinogen was incorporated into 

fh? rnc ,n *!? duCed C,ot ' The8e tudie. demonstiSte 
I ■ C °^ elb> tr "»8fected with ail three fibrtooVen 
chaw cDNAs are capable of awembliniand \SSSS 
a functional fibrinogen molecule. •ecreting 



(m Pulse-chase experiments demonstrated that chain as- 
sembly commences by the attachment of preformed Aa and 
r chains to nascent B0 chains. On completion of B/S chain 
elongauon, the Bfi.y and Bff-Aa complexes are released into 

thf £T u 6 r ? u * h end °P lMmic reticulum and acquire 
the third chain to form half-molecules. The two half-mole- 
cules are then joined to form dimeric fibrinogen. Chain assem- 
bly occurs in the rough endoplasmic reticulum (13) 

fimhe 5, formation on the mechanisms which 
govern chain assembly we prepared a set of stable transfected 
W»-l cells which express either the individual fibrinogen 

stXi ^ XtUre8 °l tW ° * chain8 ' « * ^ chains S3 
studied the assembly and secretion of fibrinogen. 

EXPERIMENTAL PROCEDURES 



Fibrinogen is composed of three different polypeptides (Aa, 
BJ and y), arranged as a dimer with each half-molecule 
containing a set ef each of the chains. The two half-molecules 
are linked together by three disulfide bonds at the NH,- 
terminal portions of the polypeptides. Two of the symmetrical 
bonds are between adjacent y chains and one is between Aa 

dXk J^ft " C ° mpleX 0f mter - *** "trachain 
disulfide bonds (there are 29 disulfide bonds with no free 
sulfhydyl groups) are involved in maintaining proper structure 

Our studies are aimed at deUrmining how this multichain 
protein is synthesized, assembled, and secreted. Hepatocytes 
are the principal site of synthesis and each of the component 
chains of fibrinogen is encoded by a separate gene (5-8). 
Prev,ously we demonstrated that Hep G2 cells have surplus 
pools of Aa and 7 chains that occur either as free chains or 

nHS* ~T 0th ! r> p ?' Iily " « Aa -y rom p'« o- 

11). Hep G2 cells maintain these surplus amounts of Aa and 
7 chains even when fibrinogen synthesis and secretion 
Stimulated hv nm/4iw;«.. —i. j . . . 



Materials 

rrom'rX^w™'* 'PP™»| M »ly 11 Ci/mmol, was purchased 
from Du Pont-New England Nuclear, fetal calf serum from HyclonT 

and modifying enzymes from Boehringer MannheimVand T4 DNA 

& ^ England Biol,b8 - Hu ^» fibrinogTn (Tmco, sSck 
ho m) prepared as previously described (14), was swred aT -TO 'C as 
• stock solution of about 14 mg/ml in 50 m M Tris-HcHpH 7.4) , buffer 
warning 100 mM N.C1 and 1 mM EDTA. The f.bronectin presem 

^aun-bepharose(15) Fibrinogen concentrationwas measuredsDec - 
trophocometncatly in alkaline urea using £!' - 165 at ^ 

agulst.on Research. Karolinska Instituted bSSSSbS^S. 
Ko^yfS!T 2 ) Bayer - ^ "*» ^» --rSed 

Cell Culture 

P.°, S '1 wer * maintained in Iscove's medium supplemented 
with 10% fetal calf serum (Hyclone) and 1% glutamine 06) Hep G2 

rt e " J °S gi ?5 ,,y obtaittei * 1982 fro » D". Barbara B Knowles 
and David P. Aden of the Wistar Institute, Philadelphia! PA they 

Seta» l^f ^ 15 mM TriCiBe ^ " d Penicillin/strepto 8 



' • ,T"r. . T "*" BC " ■yntnesis ana secretion is 
stimulated by production of enhanced amounts of B/J chain 

HL OTitfrfc,"" f u PP° rt ^. b y Nat i«>nal Institutes of Health Grant 
1 06 60814 °/ P ubliMti ««' of this article were defrayed in 

helvJ^^w" 1 ° f ^ ^ therefo« S 

hereby marked advertisement" m accordance with 18 U.S.C. Sertion 
1734 solely to indicate this fact. 

«.*! 0 „ whom cor «»Pondence should be addressed: The New York 

sst&SiSaSiS* st - New York - ny 



Construction of Expression Vectors 

Ps^^Si^U ^p™ 0 *!" coain c DNAs were cloned into the 
rhl. V' ^ 22 , ( i!* l 8) and were ktod fro* Dr. Dominic 
Chung University of Washington, SeatUe, WA. Both Aa and y cDNA 

S^7l™^i T/^ ,ength A« and 7 chain cDNAs, capable of 
expSnT^ f ° U0Wmg Pr0Cedure8 — «• struct the 

m «f ^iff 7 w 'JrS' A ° C P NA WM rel * M * d fron > PBR322 by treat- 
ment with The resulting 3.2-kb fragment (200 ng) was then 

.r 1 ?'* ^ 31 for 4 «^»ove 50 bp from botS 

bHMM^L ,tOP C ° d0n "J P08ition to « ether 22 bp of 
PBR322 sequence was removed. The re sulting DNA fragment, which 

SD^h^^'T T 1 T;^ 08, n,onke y kidne y fibroblast; 

? y SUlfStt: PAGE - Po'^lamide gel electropho- 
res.s. RSV, Rous sarcoma vmas; kb, kUobase(s); Neo. neomycin- 
kanamycin-resistant gene; bp, base pair(s). 
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conta.* Ik* full ^raja f ,A«c npon fcr An fifarin»ftn cha.i 
» : h.|rtM|>tau^taud rt«dm tutor t lO-mar . Boibriiicer Miummw 

fTT .. *-~*<l/««Um. TV* baeer aUceud DNA ... ,rtn 

fUZiZ? ^S^T* («4/».«,7l 
. J? . M<aaJ *« - l!ut MnUiaed ■ <V<t)l ul« >i thr otbrr 

w»h Ar«oT ud then Uaated mtk Aa eONA «iMcnhM aw ,i. Th* 
•TT > " < .?. t MtuUy ^ H > * <, y a "*«*>'. the A* f DNA .m«n «Fi fl 
A-lu^lrflr?^* ^ • » NA ■it.prea.rei.on , :lh 

**** A* « ONA «w leMtMd fram pBC I2BIAm bv dim 

I— -«h &M.HI//.MI1I Th, lAM d A„ cDNA (JW M-tL 

•ftd depto|Aiu>Uud wuh calf imaaiiftal phoohtUM Th# 

cutia ina».t and J J kb from the vector DN* 

in ?B«22 < 17) eonuint iK* cudon* at peaition -39 and -4i of th* 
J r£ 7*« b, «» «*• ' roll Wn«th eodin, repor, .itHnu, ,h,J„^ 

^.N^^rn Vj"^ frem P8W22 * dim, J 
wn JOfi and //mdlll. The ceicaaed > chain cDNA ril) n*t «,« 

. th »n *P»<»P»onrUlea. Th* lir.rar vector coma.mnf ■> 
•! JIi^i^? ,,n,,, " d ^ *gf«nw th* plunid ONA ».tk flj*HI/ 

to lorn the crcuUr nprouon «enur iFi|. lO) Tb« correci or«n 
Wt/idlU that ywldMl • 4.8-kb rr*(n*m coaumiiu t 4 kb of % rDVA 

i"5iv¥ 4 ,>,lSV ^«?- , ^ rnmain.nf full l*n«lh R4 fibenen 
rna.n cDNA. wtrt prepared u ?rev.cuiiiv oner; bed ( 1J im 



-•«i-*fM«*l *1UU- ioa and tit AU cr»--*. . 



by Sambiaek *t at ,» ^ r;u,m " J *• <i»«r*«.- 

baa*r»J coiorue*. ^Tdcr* bTTb- ^,^«,> ^ ^ t 
detune .ha.be* th. cCNA ,*m2*J£t TtZtZl?*. 5° 
•wwa .n irw coaauunad vector*. u» DSaVJ^JT^ ' 

drt« :n ,r«<l by elrctraphemu on I » ae.ro* «bL Lir« J^T,^ 
pertbrari by i^rt^rowd^ m " non » 

To ototettn subW cell lino COS-! ~IU ^.^i w -k. 

n.« c<w, t .,„ fibrins cDNA .uart. rh* >rn«J?* l^ *Z 
i* ire tran»f*cud cell .in««. Aft*r mother 3 ~-k» th* coiucum «... 

... c..fWv .„ an.„, m p tolw ;n -h.pr^co, ft 4 SiS? 

Brf-rc ka>« l, n «. l ,», l. | «S}„„ hl0tlin , IIW , e . |u w ... k>pt ^ j4 

talf **rum and \ \r, nutam.ae. The 90S cenfluen, t ,iu »«, hin 
1.1*1*. fo, ' h ",T -C i. metbionuK-rr*. DulUru:" ,^! f . Ja, 

»'.» rnn/mi hcpnrin. and 1^. fduamme U2i. 




■Hr.cD 



R-a.uacuva, rbrmu fc «n chain. w W stated by .^^^rcv.p t . 
ii •« /torn can ^ .nd fr^ tte^li ^ lU m A r.bb.^Wc;^ 

u!r«d (9 10). Ct II lyuies vwrt iruted wtb i.)drtaftAicid^ .unr/enu 

we* ^PArtUC by SDS-PACR umVr miur^i and rro»f*dur#d con 

^ .i^«pK^ on SD6 PACE tc iaVnu.y tne compare ch«Z 
The* pruLftijft* hav. prwvioutiy bwn d*»cn^ (9- 1 ?> 

PTM^n rtdJtoacttvitv w..<le to ,minad b> cutting out th* radioaemt 
!. , I^ U,n °* £ l >'* ? » u ««* ^nunc iiy liquid w .Btilla-on 

M*ctrom«rv '22>. In v>ma f*m« w Ut.v f a mwj .-. tt of mdiMrtitirv 
*m drttrreined by cinnit* *utoradio«r»m. *rth , .«nim«l&i d-m- 



Fio. i Oiatrmm of exprawloa vactort. coot*imo« Aa *nd > 
nhrmnc*. rhain cONAa uaad to tniufect COS- 1 caila. 



, TfT-ff "'»'»*l<»a> « t > dewrtbe thdr *wdl# tr.nt 

ikvv * fec,w ! / * Ith «VNa>M; C0S- r tra*. betid ™t 
v a , ii' ^ tnaa„feru«J «.th pRSVNwAa arai pRdV 

Wa.f C05».,r> trantfactad «ith pRSVNar, 4« ,nri pRSVN^.. 
t Os.;i>, irwiafcctad with P fUVNao-Bfl and pRSVNer,.>; <:0S- 
...v,. tr t n*f*ri«d w«h pRSVNao Ai,. pR6VN«c and phiVNao- 
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Th. ^ub^KM Kednia «t COS-.,*, crU> and ot Hep « 2 celU. 
incubated mill L ("SpmOumum fat 3 K , t JTC .«j <a Uactad A« 
tO."S mi: ««a ueaud with 220 until/ml Anal conWZi«. 
of T,..„k,, «d o-iad with purAO toi^L^fl'SSSS 1 ^ 

^ooKttn:^ i« inhibit Vartn, XHjTuTT^.Bv touHdm „™ 
J—""-" a»~»f« Pitpwtiem. Thi» uwam block* crea-linkiM 
hu occurs wb ftbfiwwM and otter pmeins. Clottin, .as iniT.wd 

,^ rn « M « « -»W Centre. »«*• (SchWSw * Sckg.ii, houunf a 
0 46 »m erUvWanuu tiker in which tht bouca oi tht vmr un 

L .r ^ ^"i* ' P M ,m,,, «»* "Ixwr.v. bart^wim! 

hy^l/Md «0 2 MN.0H eoouoia, 4M u .ee. Tte h«J ro »v«i d" 
•as nautraWd with HO! and wdio«tivi l y detewunad. A. a con. ,uJ 
radioactive nMdhim from COS Mill t« n »fc<^ 1 T.„ ^LLm 
veto, that did r-i cornain nbrino.^^N;;;:^": 
the *em» mannrr m 

tfijcntittun aj Saenrtad Fibnncfn 

,rJ!H^ZVlT^ Cbn T°« ,n B, ""« ""turn mu 
l^T? fo»2« h « 37 'C oVteraiMd by.nrxlrao commit** 

«u Fd47B3 ' lhW » «p«fie to •» epitope in ih. > chain of 
h-«,.r Bhrnom, (r^mc* 0 (23). I. bwf. UwW proreder. wa» 

Hum.-, Mbnnogin. An •ppropruto dilution of .mibadv wa. n.iefi 
*.W or. r*usl voters, of titter buffer, pure human fibnr**,."^ 
j «nt r«.,»r. ,r mm***** 0.25-4.0 „«/.*,. or r~i. (frnm 
'. ot Hen GJ ed.il Alto miiinc. M h umpW * a . adnVd u, 

;.«e rir W in<*en-««Mden*yn*. linked inanunovrteat auay ptatc Fol 
..m.nir .ncutetjun and mteoqunt with eycfet. .„ .oprnpiuw Alu- 

"»>n§ • HiO; and o-dia.nauduv flotation. 

RESULTS 

l intte c «^>^ationa of Fihnr,<* tn Cham 
eDNAM by COS CcOs-COS i cU. ww, tn«,.focted withTte 
«ipr M «.on voctor pBCJ2BI conUuinc titter full tan-th A,, 
anc > chain cDNA and then, it h U»r. the cell, were 
.ncuhated with L-f'SlBMhioniM and the expreiaion of ra- 
dioactive fibnnogtn chaina cWurminod. The ceils eipraaaed 
taUicwuv*. proceint which wete tramunopiecipiuted with an- 
'u^o? } vmuk , fibrinofea. COS-cel* transfccted w.th 
pHt 12BI.A« produced a radtoactivt protein which comi- 

witA p«C12BI-> expreaaad > chaina (dau not shown,. Celk 
transiently uangfeaed with pBCl2BI-Bfl have previously 
been shown to «zpresa fibrinogen 00 chains (18). 

Kn-wina tfcat COS cali. ar. eap«hl, of .,pr*aoi., A-. Btf. 
and > chaina of fibrinofan. wa tten tranafactad COS calla 
with pRSVNeo.Aa. pRSVNeo-aj. and pRSVNeo-7 and ae- 
leet*d tuble tranafected ceU linn which were mutant to 
Koneuein. r.»n«t.eif..r*«iaUBr COS calla tranafactao with any 
oneortheeipreaaion vftctonespraaaadproteina which reacted 
with rabbit wnbody to human Gbrinofca atid were of bimikr 
»ue to appiopriata authentic human plaima fibnooaen 
cha.na CeiU tranafected wrth' ooohinations of two vectors 
conumuig dinerent fibrinogen chain cDNAa i A« and Btf, A« 
end >. and BS and y) lyBtbeaiied both chains and cells 
trar.gf.cud with all three vectors expressed the three fibrin- 
jf»n ciMuna (Fig. 2). 

Analyaee. in Aonreducing conditions, of tha librincnn 
crtains produced by cell* tnrofcctad with combmations of 
l *° vectof > »»>owed that Aa and tW, Aa and >. and B/9 and v 
lormed disulfide linked coitptexea. The principal products 
and .heir molecular weights ate Aa-Bd comoies [14, 
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Fj«. *. Eiprsesiou of nbriaogea ebaia eONAs bv COS ~n< 

Subw lnnt(K uC cos-1 C.U.Z. incubalJ "to a h •Vf"'^ 

•rnrsunoprscipitatau from cell lyssua Th. rstfoarti *♦ Th^^ 
«-.fa^?S?vr fTL ^ ' j> * 

■^2..^1 CO t-" > : «"d«<W«. COS^ A> . Th. Nation .,1 a^adaM 
molKular ~t> t hi marxra aie ahown en th. kit 
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Fio J W WMi^ comply f #rmcd by eipr<t-40n ^ 

«xpre«s«d by COS cell* tr«nsf«ct«d with mutur« 0 f two vector 
cuntam.,,- u.ffmn, cDNA* w W ttcr* efli ;vmw .TC 

we«bt m.rktn .« pven for each of the rrb [ n fi. the sample* *,rr 

plMmed. W ej .how. th* fibfinofen chains eipreaard by COS-, . 
ctila; ton, .1 v OS-m r#IU; lane 6. COS^ celU 

, l £'25!',t? l c °Wlet<M. I.15.QQ0). and B^.> rcrxplet 
121 ( 000> (Fig. 3?. The size of the Aa > comptei. as calculate 

ffoia iU aU«fop>mT-tic mobility on SDS-PAGE is largv., 
thanpmiKUd but not larg. inougjh to tu^at the pmtn.-r 
of a ifcini chain. In addition to theee prncipai t>roducis 
amouflta of tarter tizc coaplexes were also noted, but nc f n*e 
cbama wrere dtnactaw, iTi r *a ) Thr chain compowiiioi. oi ti»r 
complaaaa «aa dttarmioed by reduction w.th mercaptoet hano 
aad re-electrophorteu of the producta. The compkuei, y^id*^ 
a mixture ot the expected two chaina (Fig. ZB\ 

iymAeati. uf Fibrim^tfi try COS-*jJ,y tt^-COS-u^ . 
cella tynthMisad M v«nal fibhnoftn-r-kt#d pruUina wnen 
analyiad under noareducinf cond.tiont Th« nattufn nor*xi 
timilar to that aeeo in Hep G2 cella (Fig. 4-4 ). In COS.* a > 

18 ^V^'u 2 H ° f metAb0lK w,th L-i^S]rxethionme. 

- «M.S% of the immunoprecipitaabia ndioactiviiy w as n tlbnn 
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FIG. 4. Surplus Aa and chaise in Hep 02 cells and 008- 
o^,> cells. Hep G2 ceils end COS-aj).? cells were incubated as in 
Fig. 2. The nbrtriogtn- related prouirj in the ceil lyeaLee were sepe 
rwud by SOS PACE under nonrviurtng conditiona. Lan* /. A it from 
Htp G2 ceils sad fan* /. fl from COS-n cells. Four of tht rosjcr 
radioactive bends (marked Fbg, Kn-y, An. end 7) were exciaed, 
reduced, end reexamined by SDS PAGE. The chain compoaitione lit 
ahowa in fane* 2-5. A m from Hep G2 cell* and £ from COS-«^> 
celts. Lone 2. Cbaio ctinpouuoo of reduced fibnnoftn (»"Dg). tour J, 
reduced Aa-y; Jan* 4, reduced Aa; end tan* 5, reduced r Th» location 
oi standard molecular weight merkem «nrf of eutnent* Aa. 3tf. and 
1 chain* from plaema fibrinogen are shewn. 

ogen, 22% in Aa > complex, 6% in free Aa chains, and 41* 
in free y chains. A parallel experiment with Hep 02 cells 
showed 31* in fibrinogen, 20% in Aa- >. 9% in free Aa. and 
'28% m frae > chains. Thus both atahle tra.nsfected COS calk 
and Hap 02 calls develop surplus amounts of Aa sad > chains 
which reside intracelhUarly mainly as free > chain and as an 
A<*> compiex. 

The major intracellular forma of fibrinogen in COS-u,l,> 
< vita were characta riled, aa bad bean done previously for Hep 
G'J cells, by ears ion of the radioactive bands from the poly- 
acrylenude tel. reduction, and re-elect rophoretts (10k Their 
chain compositions and estimated molecular weights allowed 
us to identify these as fibrinogen. An y compiex. and free Art 
and y chains (Fig. 4fl). 

Secretion— COS cells which expressed single fibrinogen 
chain a, and those which expressed two of the chains, in any 
combination, did not secrete these proteins into the medium 
(Fig. SA). These single and duplet radioactive fibrinogen 
chains were only detected in the cell lysate (Figs. 2 and 3). 
However, C06-a,£,7 cells secreted the expressed proteins into 
the medium (Fig. SA). When analysed under nonre during 
conditions the secreted fibrinogen chains wars components of 
s high molecular weight disulfide linked complex, with an 
apparent M, of 340,000 which ta simikr to that of plasma 
fibrinogen. This W f 340,000 complex accounts for 99.4% of 
the immunoprecipitable protein radioactivity secreted. No 
free fibrinogen chains, nor intermediate products of assembly 
were detected in the medium (Fig. Sal). A small amount of 
protein radioactivity (less than 1%) waa sometimes noted at 
about 130 kDa and«hia may be due to leakage from the ceil 
or may be a degradative product of fibrinogen. A similar 
pattern was noted in the secretion of fibrinogen by Hep G2 
cells (Fig. 5B). In the case of fibrinogen secreted by Hap G2 
veils 00 4% of tba immuoopreopiteble radioactivity occurred 
as fibrinogen iXf. 040.000) and a small amount. (-5%) was 
noted in a wide area, between 130 and 115 kDa (Fig. SB). 

Escuuon. reduction, and ^-electrophoresis of the M, 
340,000 rsdioective protein secreted by COS-a,0,> cells 
showed that this large protein waa composed of Aa. Bd. and 
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Fig. 5. Secratioa of exprsssad nbrinosxea chains. Tranv 
fectad COS ceils and Hap G2 celb ware incubated for 2 h with l- | "S| 
inethiomne and tmmurioprecipltabtc fibrinogen proteins were tad into 

the medium d*t*rt*i»«t U 4. the intrnunoprwipitehU pm>f, M , B 
the iacubation medium were separated under reducing wnditior* «nd 
in B under non reducing conditions. In A, ian* /. control C0& cell* 
traoafected with pflSVNeo without fibrinogen cDNA: fan* 2 t OS o 
reiia; Jen* 3. COS-p ceile; fan* 4 COS-> ctUs; fan* 5. COS-* a cells, 
lane 6. COS cells; tone 7, COS-tf,> ecus: tone a, CUb -a* \ ceUs. 
Ion* S, Hep 02 ceils, la B. fen* nonreduced nbhnogen eacreutd by/ 
Hap G2 call* (an* 2. nonreduced fibrinogen secreted by C0S-...J > 




• a J * * * re 

Km- 6 E a doajycosidae a H Irwatewt of fibriaufn, > oKeiw. 
sod Aa-> chain eomptax. C0S->, COS-u.r end C0Sn^,> celts 
were mcuoated aa in Fig 2 and t ha secreted and ovnsecreted lihrin- 
Ogen Cham* were treated wnn eoOuglycuaidaM- M The pruteins were 
reduced and Mparated by ^D^.pAf.R. AutnnHi rt|( r»fT^ *r» nown 
Hrouins n ton** 1-4 were separaied on different gels to inns* in 
Urn** 5-«. Molecular weight markers «/e giv«n the ttft i«dc lor 
inn** 1-4 and on the ngPtt #tdc for the location of authentic \*. Bo. 
and y chains from pUsma fibrmoaea are iciven for law 5-« Cat** 
1 -6 are aonascisted imrr.unoprecipitable nbrmugtn proteins onurned 
from cell lysates and ianes 7 and 8 are tecreiad immunoprecintuble 
fibriaogan proteins Un*t I and 7 are pmrain rirtresssri by COS-** > 
rells; (onrt .1 sag «. COS-> cetlt: tones 4 and COS-t» js t y ct\U Lane* 
T and 8, fibrinogen secreted by C0b-«iJ.> cell*. not -.resuc: +. 
treated with endoglycoeidMe H 



> chains. A similar pattern wan noted in the fibnnogen 
sacretad by Hep <*2 cells (Fig. o) 

Endogiyauidaae H Treatment of Xon&c re led Chains - Ao 

> complex and free > chains expressed by tranafected COS 
cells were treated with endogtycosidase H to determine 
whether non s scrstad y chain ootoains manuosa-rich ohavsac- 
chandee which are cleaved by the enzyme, or whether the 
carbohydrate* of the y chain had been further processed, 
making it insensitive to the enzyme (24-26;. The -r cbain of 
the Aa t complex on reduction, migrated on SDS-PACE as 
a 48- kDa protein. On treatment with endogtycosidase H it 
migrated ss a smaller 42 -kDa protein (Fig. C. fen** ; and 2). 
The tree > chain, under nonreducirtg conditiona. migrated v 



4762 



Recombinant Fibrinogen 



a 48-kDa protein and on treatment with endoglycosidase H it 
migrated faster, as a 42-kDa protein (Fig. 6, lanes 3 and 4). 

The B0 and y chain components of intracellular fibrinogen, 
synthesized by COS-a,0,7 cells were also both endoglycosidase 
H-sensitive (Fig. 6, lanes 5 and 6). Thus, the major intracel- 
lular forms of fibrinogen, Aa-y complex, the free 7 chain, and 
nascent fibrinogen, are all endoglycosidase H-aensitive, indi- 
cating that they accumulate or are retained in a pre-trans- 
Golgi membrane compartment. Similar results were obtained 
when nascent intracellular fibrinogen, synthesized by Hep G2 
cell6, was analyzed (data not shown). 

By contrast, the glycoprotein chains of secreted fibrinogen 
produced by either COS-aj9, 7 (Fig. 6, lanes 7 ancTS) or Hep 
G2 cells (not shown), are endoglycosidase H-insensitive. This 
suggests that recombinant fibrinogen foDows the conventional 
secretory pathway with normal glycoeylation. 

Clotting of Recombinant Fibrinogen— To determine whether 
secreted recombinant fibrinogen is capable of clotting, the 
incubation medium of control (nontransfected) and COS- 
a,ft7 cells, incubated for 24 h with L-f^S] methionine, was 
mixed with human plasma fibrinogen and induced to clot by 
the addition of thrombin. The clotting ability of recombinant 
fibrinogen was compared to that of fibrinogen secreted by 
Hep G2 cells. Clots formed in the presence of radiokoeled 
media from COS cells that were not transfected with the 
fibrinogen chain cDNAs had only background amounts of 
radioactivity associated with the clot matrix (2-3% of total 
trichloroacetic acid-precipitable radioactivity from the me- 
dia). By contrast, clots formed in the presence of radiolabeled 
media from COS-a Ay cells, or from Hep G2 cells, had 30 to 
45 times background levels of radioactivity associated with 
the clot. Clotting in the absence of Factor XIII cross-linking 
Ue. in the presence of iodoacetamide) also produced highly 
radiolabeled clots, 18 to 24 times the background level. This 
indicates that the radiolabeled secreted fibrinogen became 
associated with the clot matrix through a thrombin -dependent 
polymerization mechanism. 

Amount of Recombinant Fibrinogen Secreted— COS-a^y 
cells secreted comparable amounts of fibrinogen as compared 
to Hep G2 cells. In two experiments COS-a,0,7 cells (2 x 10 6 
cells) secreted an average of 2.08 M g Of fibrinogen in 24 h and 
the same number of Hep £2 cells secreted 1.94 M g of fibrino- 
gen. 

DISCUSSION 

Fibrinogen is a multichain protein with a well ordered 
structure. It is sensitive to thrombin and acts in the final 
stages of blood clotting. Fibrinogen assembly which involves 
the arrangement of three different polypeptides into a 
symmetrical dimer probably occurs on structures within the 
endoplasmic reticulum which mediate proper alignment of the 
chains and also specific disulfide interactions. As such, a group 
of proteins known to be present in the lumen of the endo- 
plasmic reticulum which probably include the immunoglobu- 
lin binding protein and protein disulfide isomerase are likely 
to be involved in a concerted effort to assemble the various 
chains into a functional molecule. (For reviews see Refs. 27, 
28). Previously, the individual chains of fibrinogen have been 
expressed in surrogate cells, either E. coli (29-31) or in COS 
cells (16). However, expression, assembly, and secretion of 
fully formed, functional recombinant fibrinogen has not been 
reported. We show that COS cells, transfected with single 
fibrinogen chain cDNAs or with any combination of two 
fibrinogen chain cDNAs, express the. appropriate fibrinogen 
chains but cannot secrete them. In contrast, COS cells con- 
taining all three fibrinogen chain cDNAs express, assemble, 



and secrete the chains in a form which is capable of forming 
a thrombm-induced clot. This indicates that factors heeded 
for proper assembly of fibrinogen chains are not restricted to 
the two tissues, hepatocytes and megakaryocytes, which nor- 
mally express fibrinogen (32, 33). This further demonstrates 
that for fibrinogen chains to be properly transported and 
secreted they must exist as part of fully formed dimeric 
fibrinogen. This suggests that intact fibrinogen contains a 
signal which allows intracellular transport and secretion to 
occur and that individual chains are recognized as products 
not to be secreted. " 

In vivo free fibrinogen chains have not been detected in the 
circulation. In dogs, injected with radioactive amino acids 
nearly all of the secreted fibrinogen chain radioactivity is 
accounted for in fibrinogen (34) and studies with cells in 
culture have indicated that fully formed fibrinogen is the 
main if not the only form, of secreted fibrinogen chains (35 
36). This occurs in spite of the fact that in hepatocytes of 
several species studied, there is a surplus of two of the com- 
ponent chains of fibrinogen (9, 10, 35-37). In dogs (34) and 
rabbits (38) surplus chains have not been detected intracel- 
lular^ but different specific radioactivities of the component 
chains of secreted fibrinogen indicate that pools of Aa and 7 
chains may occur. Thus, hepatocytes have a mechanism for 
distinguishing the surplus forms of fibrinogen chains from 
fully formed fibrinogen. A similar mechanism occurs in trans- 
fected COS cells. The stable transfected COS cell lines only 
secrete fully formed fibrinogen. Under nonreducing condi- 
tions 99.4% of the secreted immunoprecipitable protein is 
fibrinogen. There is less than 1% protein radioactivity in 
lower molecular weight proteins. As evidenced by sensitivity 
to endoglycosidase H treatment, the nonsecreted fibrinogen 
chains, and also nascent fibrinogen which is not yet fully 
processed, are retained in a pre-Golgi compartment. This is 
similar to the assembly and degradation of other heteroligo- 
menc proteins. In both the human asialoglycoprotein receptor 
(39) and the T-cell receptor proteins (40, 41) surplus chains 
are produced and some of these excess chains are degraded in 
a nonlysosomal pre-Golgi compartment. 

Previous pulse-chase experiments, which carefully meas- 
ured kinetic precursor-product relationships in Hep G2 ceils, 
showed that surplus Aa and 7 fibrinogen chains participate 
in fibrinogen synthesis and assembly and that unused chains 
are retained and degraded intracellularly (9, 10). In COS- 
*Ay cells incubated for 2 h with L-^SJmethionine, which is 
near steady-state conditions, most of the radioactivity in 
fibrinogen chains occurs in three forms; as fully assembled 
fibrinogen whose carbohydrates have not been completely 
processed, as an Aa 7 complex and as free 7 chains (Fig. 4). 
In addition, some free Aa chains, and other intermediate 
forms, account for a small percentage of intracellular fibrin- 
ogen chains. This pattern is similar to that noted in Hep G2 
cells and suggests that COS-a,/3,7 cells assemble chains in a 
similar manner to Hep G2 cells. Kinetic pulse-chase experi- 
ments have not yet been performed with transfected COS 
cells and it is not clear whether all the intracellular precursor 
fibrinogen forms detected in Hep G2 sells are also present in 
transfected COS cells; or whether all of the intermediate forms 
present in COS cells participate in fibrinogen assembly. How- 
ever, it is apparent that, as in hepatocytes of all species 
studied, surplus 7 chains are generated in COS cells during 
fibrinogen assembly. 

The mechanism by which surplus 7 chains are generated is 
not understood. In Hep G2 cells, the initial rates of synthesis 
of the three chains are unequal with that of B/3 being less 
than that of Aa and 7 (10). However, unequal degradative 
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Luman fibrinogen is a soluble plasma protein that is con- 
verted to insoluble fibrin in the presence of thrombin Fi- 
brinogen (M r 340000) is composed of two sets of three po- 
lypeptides, the « (M t 66000), B (M, 52000), and y (M t 
46500) chains (McKee et al., 1966). The six chains, ( a 8y)' 
are extensively linked by disulfide bonds to form a complex 
trmodular structure (Hall & Slayter, 1959). During the co- 
agulation cascade, the conversion of fibrinogen to a fibrin 
monomer occurs by the cleavage of amino-terminal fibrino- 
peptides from the a and B chains (Bailey et al., 1 951 ) This 
exposes polymerization sites which allow the fibrin monomers 

!o^l Cr ^ Ct 3nd f ° rm thc Cl0t matrix ( La «<iano & Doolittle, 

1978) . The matrix is stabilized by the formation of -y-gluta- 
myl-<-lysine cross-links involving the a and 7 chains This 
cross-linking reaction is catalyzed by factor Xllla in the 
presence of oaicium ions (Lorand et al., 1980; McKee et al 
1970) and results in a highly stable insoluble clot. 

Fibrinogen is a multifunctional protein with many discrete 
domains. For example, fibrinogen (or fibrin) has binding sites 
for plasm.nogen (Lucas et al., 1983), tissue plasminogen ac- 
tivator (van Zonneveld et al., 1986), thrombin (Liu et al., 

1979) , and other plasma components. Fibrinogen also par- 
ticipates in platelet aggregation by binding to specific receptors 
on activated platelets (Marguerie et al., 1979; Hawiger et al., 

1980) . Accordingly, fibrinogen plays a central role in he- 
mostasis and thrombosis. 

The ammo acid sequence of each of the three chains of 
human fibrinogen has been determined by amino acid sequence 
analysis (Blomback et al., 1976; Doolittle et al. 1979- Hen- 
schcn et al., 1980; Watt et al., 1979). In addition, the se- 
quences of the cDNAs coding for the three chains (Chung et 
al., 1983a.b; Kant et al., 1983; Rixon et al., 1983) and their 
genes (Chung et al., 1990) have also been established. The 
three genes are clustered on chromosome 4 at position 4q23-32 
(Henry et al., 1984) and occur in the order of a, 7, and B. The 
gene for the 3 chain is in the reverse orientation relative to 
the a and 7 genes (Kant et al., 1985). The a, 0, and 7 genes 
for human fibrinogen span approximately 45 kb and contain 
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four, seven, and nine introns, respectively (Chung et al 1 990- 
Kant et al., 1985). " 

A variant, nonallelic form of the 7 chain which is found in 
about 10% of human plasma fibrinogen molecules (Francis 
et al., 1980; Wolfenstein-Todel & Mosesson, 1980) arises from 
the use of an alternative polyadenylation site within the ninth 
intron (Chung & Davie, 1984; Fornace et al., 1984) and is 
• referred to as 7' (Wolfenstein-Todel & Mosesson, 1980) 7B 
(Francis et al., 1980), or 7"' (Peerschke et al., 1 986). In the 
7' chain, the carboxyl-terminal 4 amino acids have been re- 
placed by a 20 amino acid segment (Wolfenstein-Todel & 
Mosesson, 1 98 1 ). The function of the 7' chain is not known 
Progress on its functional characterization has been hampered 
by the fact that 7'-containing fibrinogen has only been isolated 
as a heterodimer with the composition (aBy){ a By'). Homo- 
dimenc (aBy') 2 fibrinogen has not been isolated from plasma, 
thus providing a major impetus for the expression system 
presented here. 

The three fibrinogen chains have been expressed individually 
in Escherichia coli (Lord, 1985; Bolyard & Lord, 1988, 1989), 
but functional fibrinogen has not been synthesized in a pro- 
karyotic expression system. The first biologically active re- 
combinant human fibrinogen was synthesized from cDNA 
clones in a mammalian cell expression system using baby 
hamster kidney (BHK)' cells (Farrell et al., 1989). Subse- 
quently, a COS- { cell expression system for the stable ex- 
pression of fibrinogen from cDNA clones has also been de- 
veloped (Roy et al., 1991 ); however, biological activity of the 
fibrinogen from this system was not shown. Another COS-1 
expression system which produced biologically active, clottable 
fibrinogen has also been described by Hartwig and Danishefsky 
(1991) employing a transient expression system to identify 
potential intermediates in the assembly process. 

Human fibrinogen has long been known to be sulfated on 
tyrosine residues (Jevons, 1963). Using the HepG2 hepato- 
cellular carcinoma cell line (Knowles et al., 1980) which se- 
cretes human fibrinogen, Liu et al. (1985) identified the B 
chain of fibrinogen as the chain containing the sulfated tyr- 
osine, based on the mobility of the B chain on SDS gels The 
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ZnTrFh?' aSSa Y Fb Vr° mbinam fibrin °B en (containing 7 • 
chains). rFbg? . recombinant fibrinogen (containing y' chains). 



Sulfation of Recombinant Human Fibrinogen 

site of sulfation, however, was different from that seen in 
bovine fibrinogen, which is sulfated on fibrinopeptide B 
(Bettelham, 1954). Human fibrinogen lacks the corresponding 
? 7 * t £$* > . fibrin Wide (HenscheVet al. 

taSJ? t *h l 9?9) - additi0n ' latcr studi « i" ™t 
hepatocytes showed that rat fibrinogen was sulfated on tyrosine 

SS*!™.? 0 C3rb0Xyl Cnd ° f ,he y ' chain (Hiroseet al., 
Ill • 5" P J aper> we present evldcnce that human fibri- 
nogen is sulfated on the y> chain, rather than the B chain as 
previously reported (Liu et al., 1985). 

Experimental Procedures 
Construction of Expression Vectors. pAG-I encodine the 

iffi&s • constru< : ted from the «*e?kk 

nff R322 (R ' XOn Ct aI - ,983: Chu "8 et al., 1983) 
in with T7 DNA polymerase, and cloned as a blunt-end 

AbZh^ WnCl1 SitC ° f M,3m P ,S 10 "eate P AM , 
LZ 7tl • v W3S constructed ^ree nucleotides upstream 
^fewYr?^? 8 Whh th6 oli 8on«cleotide 5™ 
rclr v F T ? CA 9 GTCGGAT CCAAGATGTTTTCCA- 
creaie »AM ? " !" muta 8 cnesis system (Amersham) 
ragS 3dd ' •'° n r 3 793 b3Se P air 

w"s 3 £ ™ a . 8en0m ' C f ° nC PBS4 (Chun « et »'•• >M0) 
nHf I?? r ' CC L a m,Stake in the ori 8 in aI « cDNA in 
Se v cDN a " ta,ned Z de ' Cti0n ° f the »*" W ^ SeM17 
and tL 3^t,m S ? bC '°; ed by ClCaVagC at the 5 ' ^te 
sUes in I? ?R J' T* mserled int0 thc ™* HindUl 
Si ? m? (Ma " h et al - ,984 > to create pGI-I. A 
*Ji J,f ? m ,l T ' gmCnt Was subcloncd from pGI-1 into the 
?K , !1 C °u 26,1186 (Mulvihi " et "I- 1988) to create pGI-2 

promoter/enhancer element (Subramani et al., 1 98 1 ) The 
human growth hormone transcriptional terminator was added 
at the 3 end, since the Hi cleavage removed the en^ 

rom MihGHIll (Palmiter et al., 1983). The entire -v 

S3S2ff M U ? P?r Ud, ' n8 Pr ° m0ter a " d termLTor wal 
subcloned as an £«>RI fragment into pMT-1, creating pMG-1 
This placed a metallothionein promoter (Palmiter et ?U 983) 
m the opposue transcriptional orientation to the SV-40 pro 
from MT^m" ° th r^.P^^r was originally derfvS 
from MThGHl 1, as cloned in Zem93 (Mulvihill et al., 1988) 
The final step in the construction was the insertion of the 
modified* cDNA as a S^HI fragment from pAM-2 il 

wh^T„^ S ' t ?,, inpM 5- 1 10 cre ate pAG-l. Plasmid pAG y 
which encodes the a and y chains, was constructed in the same 

DNA ^ ^ 3 ' end * " 

UNA m pGI-2 was replaced with the 758 bp Pstl fragment 

encod.ng thc y-carboxyl terminus. In Ah pAoTZ 

pAG-y, the « cDNA is transcribed from the metaJoth onein 

promoter, and the y (or y>) cDNA is transcribed inthTS 

posite direction from the SV-40 promoter P 

create' db'mT T T ^ ft " Ske 0, " M »3mpl8 to 
create pBM-1. A new Pstl site was constructed three nu- 
clides upstream from the initiator methionine with the 

AAC^TCTA^TA^ ^t^^^^^^^^^^^^^^ 

„i u TCTATTA " 3 to create pBM-2. The SV-40 promot- 

Z Z emCnt a " d the di hydrofolate reductase cDNA 

^r ginaliy preS e„ t , n pSV2 DHFR (Subramani et al., 1981) 
-re subcloned as an EcoRl fragment from ZemI76 (Mul 

a m t C a In k ' 988) ZCm93 t0 CrCate P MD -'. whWh hi 
a metal oth.one.n promoter in the opposite transcriptional 
onentatmn to the SV-40 promoter. The modifiedTcDNA 

sST„ P D MD ,7 S SUbC, ° n ^ 35 3 Pstl fra * ment '"'0 the Pstl 
site in pMD-l to create pBD-1 . Transcription of the 0 cDNA 
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«cUon he fZ la , ,,0tW °! ,ei . n pr0moter was in the opposite di- 

r>m\ ^TT-°Jl ° f eXpression vectors PAG'l. PAG-y, and 

1 989) tS °" * ^hniques'sambrooj 

confirm!^ L • sc< ' uc " ces of modified cDNAs were 

nSfSTSiJ? TK* dideoxy chain termination system 
(United States Biochemical Corp). 

mto»£ Ure - " CPG . 2 human ,ivcr ce,ls (K^Ies et al., 
Si 8 T\', n minimum cssentiaI medium/10% feu 

aSo a1[ d U s 7(oo m ^, S ° d5Um P > ruvate / 01 nonessential 
"g/mL neomycin/50 „g/mL penicillin/50 
Mg/mL streptomycin (Gibco) in a 5% CO, atmosphere at 37 

lin mKvt^Trnn?™* baby hamster cell 

TlsZ™ 2 T 5 ? 88 the h0S ! CeU for the transfections and 

tagle medium/5% feul bovine serum/100 M g/mL neomy- 
cn/50 Mg/mL penicillin/50 w /mL streptomycin (SibS) 

£ srv?^ f wcre p,atcd at s P ih S 

in 150- mm (Falcon) overni ht and transfecte ^ ^ fc 
« of calcium phosphate precipitated pAG-1 (or pAG- 7 0 and 
1 1 ( u 5 .". 8 ° f each) for 4 h 10 mL of medium After 

fn J" n ° rmal mcdium - The cells were then grown 

and ^„ e ed m ^ ,U,n Wkh 20 " M meth otrexate for 7-10^ 

Br d ^;f 4 ^Th ,n8 H a ^ mm T fiItCr (McCracken & 
orown, .1984). The highest producing clones isolated wen- 

^^tt.■ co,,,, ^ homodimcric nbrino ^ 

wS^ISmSS^S^i a ? ttin * A "°y*- Confluent 
SilSSS ^ HCPG 1 2 ' ? nd ^-iW cdb in 24-well 
iNaci/2.7 mM KCI/10 mM sodium phosphate dH 7 4 
(phosphate-buffered saline), and metabolicailylab^^ Hor 24 

5o' n m M t ° f ^tr™'* m0dificd ^ contaLg 
20 mM Hepes (pH 7. 4 )/ 3 .7 g/L sodium bicarbonate/ 100 
Mg/mL neomycin/50 M g/mL penicillin/50 ^g/mL streDtc- 

5SS C^oT inC L aW ^ 100 ^/mT[3'S]cyS 
t>600 Ci/mmol, Amersham) was added to cysteine-free 

au 4 (25-40 Ci/mg, Amersham) was added to sulfate.fr eP 

a^^EUsT^- ^^'-tlKIS-iS 

a so used in ELISA assays to be described below in order to 

quantitate expression levels. Total cell protein in the cell 
monolayers was determined by using the BCA assay (Pierce 
on cells extracted in RIPA buffer (Sambrook, I9M)!52 
bovine serum albumin as a standard. 

^ immunoprecipitations, the medium described above 
contaimng 50 M g/mL benzamidine (Sigma)/! „M leupeVth 
Boehnnger Mannheim)/50 M g/mL soybean trypsin inhSS 
(Stgma) was used for labeling. After the 24-h incubation the 
mednim was removed, and protease inhibitors were aWed a 
<sL£ T/^ Z n f^T : 5 mM 6 - a >"ino-«-hexanoic acid 
StaS/i m M EDTA (Si « ma >/ 01 «M /.-ethylmaleimide 
(Sigma)/| „M pepstat.n A (Boehringer Mannheim)/0 2 mM 
Phenylmethanesulfonyl fluoride (Sigma). The ce£ were 

3?h? 'T 06 rT < h 5 mL ° f Phosphate-buffered sal ne and 
solub.hzed ir , 0.5 mL of RIPA buffer containing the above 
protease mh.b.tors. All subsequent incubations were done at 

4 C with rocking. The labeled material was preadsorbed with 

5 fiL of normal rabbit serum for 1 h and precipitated with 2 
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mg of protein A-Sepharose (Sigma) for 1 h. The protein 
A-Sepharose was pelleted by centrifugation in a microfuge 
for 30 s at 4 °C. A total of 2.5 fiL of a rabbit anti-human 
fibrinogen antiserum (Behring) was added to the remaining 
supernatant and incubated for 1 h. Two milligrams of protein 
A-Sepharose was added for 1 h and washed with 1 mL of 
RIPA, 1 mLof 0.5 M NaCl/20 mM Tris (pH 7.4)/l% NP- 
40/1 mM EDTA, and 1 mL of 0.15 M NaCl/20 mM Tris 
(pH 7.4)/ 1 mM EDTA (all wash buffers contained the above 
protease inhibitors). Sample buffer (100 mL) with or without 
5% 2-mercaptoethanoi was added to the pellet and boiled 5 
min before being loaded on gels (Laemmli, 1970). 

For clotting assays, cells were labeled in the absence of 
protease inhibitors. After 24 h t the medium was removed, and 
25 /xL of human plasma (George King Biomedical) was added 
and allowed to clot for 3 h at room temperature. The clots 
were centrifuged 10 min at 4 °C in a microfuge, and the pellets 
were washed and solubilized with the same buffers used for 
the immunoprecipitations. 

M C-Labeled molecular weight markers were obtained from 
Bethesda Research Laboratories. The samples were run on 
10% gels according to Laemmli (1970), impregnated with 
Amplify (Amersham) according to the manufacturer's di- 
rections, dried, and exposed to XAR-5 film (Kodak) with 
intensifying screens (Cronex) at -70 °C. 

Assay for Fibrinogen. An ELISA for fibrinogen was de- 
veloped by using the procedure of Flaherty et al. (1990). 
Briefly, an affinity-purified IgG fraction from a rabbit poly- 
clonal antiserum to human fibrinogen (Accurate Chemical & 
Scientific Corp.) was biotinylated using biotin-amidocaproate 
*-hydroxysuccinimide ester (Sigma) and used for the detection 
of antibody-bound immobilized fibrinogen in ELISA plate 
wells (Corning). Streptavidin-alkaline phosphatase (BRL) 
was used to detect the biotinylated antibody. The phosphatase 
substrate used was />-nitrophenyl phosphate (Sigma). The limit 
of detection of the assay was below 1 ng/mL fibrinogen. 
Normal plasma fibrinogen isolated by glycine precipitation 
(Kazal et al.,-1963) was used as the standard. 

Tyrosine O-Sulfate Analysis. 35 S-Labeled rFbg7' was 
isolated by immunoprecipitation of 35 S0 4 -labeled BHK-Fbgy 
cells as described above, except that 100-mm plates of cells 
were labeled with 5 mL of medium containing 200 /iCi/mL 
S0 4 . The immunoprecipitate from 1 mL of medium, which 
included the protein A-Sepharose, antibody, and labeled 
rFbg7', was digested for 24 h at 37 °C in 100 mL of 50 mM 
sodium acetate, pH 5.5, containing 0.5 Mg/mL carboxy- 
peptidase Y (Calbiochem; 143.6 units/mg). The reaction 
mixture was centrifuged in a microfuge for 30 s, and 10 /iL 
of the supernatant was precipitated with 90 mL of acetone for 
30 min at 4 °C. The precipitate was removed by centrifugation 
for 10 min in a microfuge, and the supernatant was evaporated 
until it was dry. 

For amino acid analysis, the dried acetone supernatant 
(approximately 2600 cpm) was derivatized with phenyl iso- 
thiocyanate and chromatographed on a WISP CI 8 system 
(Waters) as previously described (Bidlingmeyer, 1984). 
Fractions (0.5 mL) were collected every 0.5 min and mixed 
with 5 mL of Ecolume (ICN) for scintillation counting. Tyr 
O-sulfate standard (200 pmol), kindly provided by Dr. 
Ming-Cheh Liu (University of Oklahoma, Norman, OK), was 
derivatized and chromatographed in the same manner, and 
the effluent was monitored at 254 nm. 

Results 

Secretion of Recombinant Fibrinogens from BHK Cells. 
The baby hamster kidney cell line BHK 570, which is deficient 
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in thymidine kinase, was chosen as the host cell line for 
transfection because of its ability to express many proteins of 
the coagulation and fibrinolytic pathways, and its ability to 
allow amplification of expression vectors containing the di- 
hydrofolate reductase selectable marker. A derivative of this 
cell line which expresses a 2 -antiplasmin was used in order to 
minimize proteolysis of the expressed fibrinogen secreted into 
the medium. Cotransfection of these BHK cells with pAG-1 
and pBD-1 (Figures 1 and 2) and selection in 20 mM me- 
thotrexate resulted in several colonies secreting rFbg. The 
parental BHK cell line did not produce detectable fibrinogen, 
using an assay capable of detecting less than 1 ng/mL. A 
stable cell line (BHK-Fbg) produced rFbg at levels of 1 . 1 Mg 
mL" 1 day" 1 at confluence in 24-welI plates. To produce hom- 
odimeric V-containing fibrinogen (rFbg? 7 ), BHK cells were 
transfected with pAG-7' and pBD-I, resulting in cell line 
BHK-Fbg?'. Similar secretion levels of 0.83 Mg mL" 1 day" 1 
were achieved with BHK-Fbgy, which produced rFbg/. 
Each recombinant cell line produced slightly less fibrinogen 
at confluence than the HepG2 cell line (1.3 Mg mL H day" 1 ). 
When the data were normalized to the total amount of cellular 
protein in the wells, however, the recombinant cell lines pro- 
duced more fibrinogen per unit of total cellular protein. 
HepG2 cells produced 3.0 fig (mg of protein)" 1 day" 1 , while 
BHK-Fbg and BHK-Fbgy produced 5.0 and 4.0 Mg (mg of 
protein)"' day" 1 , respectively. 

rFbg comigrated with normal human fibrinogen from 
HepG2 cells on unreduced SDS-poIyacrylamide gel electro- 
phoresis (Figure 3, lanes 2 and 3). Upon reduction, the re- 
• combinant a, 0, and y chains also comigrated with their 
normal counterparts (!ane$*6 and 7). Similarly, rFbg7' mi- 
grated as a high molecular weight complex under nonreducing 
conditions (lane 4). Upon reduction, the a and 0 chains 
comigrated with the HepG2 chains, while the y' chain mi- 
grated at a slightly higher position than the y chain, consistent 
with the greater molecular weight of the y' chain (lanes 7 and 
8). These results indicate that the recombinant fibrinogens 
had the correct (a0y) 2 or (aPy') 2 composition. 

Biological Activity of the Recombinant Fibrinogens. The 
recombinant fibrinogens were assayed for functional activities 
which are essential physiological features of normal fibrinogen. 
These include the ability of fibrinogen to be incorporated into 
a fibrin clot and the ability of fibrin monomers to be cross- 
linked by factor XHIa. Incorporation into a fibrin clot and 
subsequent cross-linking require at minimum (1) cleavage of 
fibrinopeptide A by thrombin, exposing polymerization sites 
in the resulting fibrin monomers, and (2) proper alignment 
in the fibrin matrix, such that the a and 7 (or y f ) chains in 
adjacent fibrin monomers are correctly oriented for cross- 
linking by factor XHIa. 

In order to test the clottability of the recombinant fibri- 
nogens, it was necessary to use an assay which could detect 
relatively low amounts of recombinant fibrinogens produced 
by the BHK cells. Standard clotting assays which rely on 2-4 
mg/mL fibrinogen were unsuitable. Metabolically labeled 
recombinant fibrinogens were therefore used for the clotting 
assays. Figure 3 shows that recombinant fibrinogens labeled 
with [ 35 S]cysteine were incorporated into a fibrin clot and were 
readily cross-linked. In lanes 9-12, the labeled medium was 
clotted with normal human plasma prior to electrophoresis. 
The washed, solubilized clots from BHK, BHK-Fbg, HepG2, 
and BHK-Fbg7' media are shown in lanes 9, 10, 11, and 12,' 
respectively. In both BHK-Fbg and HepG2 fibrin clots, the 
a- and 7-chain bands diminished in intensity, consistent with 
their conversion by factor XHIa to multimers and cross-linked 
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d.rners. respectively (lanes 10 and 11). The 0-chain bands 
shifted to a lower position on the gel, probably due to pro- 

i y , no?? 8 '- ation ' as seen by other investigators (Lucas et 
al., 1983). Concomitant with the disappearance of the y 
bands, new bands appeared at the position of cross-linked y-y 
aimers. ' ' 

Similarly, rFbg-y' was also incorporated into a fibrin clot 
Lane 12 shows that after clotting, the 0 band comigrated with 
those from both BHK-Fbg and HepG2 fibrinogen. The a 
band and y' band decreased in intensity, while a new band 
appeared at a position slightly above the 7-7 dimer. Since 
the unlabeled human plasma used to form the clot contributed 
much more fibrinogen in this assay than the BHK-Fbg7' cells 
(~75 M g vs ~0.5 M g), this new band is most likely a 7'~7 
heter^imer. These results indicate that both the recombinant 
and HepG2 fibrinogens were incorporated into fibrin clots in 
the correct orientation, such that the a and 7 (or 7') chains 
cted as substrates for factor XHIa. Furthermore, in prelim- 
iry experiments, it was shown that rFbg bound to platelets 
•n a dose-dependent manner which paralleled the binding of 
plasma fibrinogen (unpublished results). Therefore, the re- 
combinant fibrinogens appear to be biologically active using 
several important criteria, including incorporation into fibrin 
clots and cross-linking by factor XHIa. 



tion 
Ssil. 

Sulfation of Fibrinogen. The recombinant fibrinogens were 
examined for sulfation in order to determine if any differences 
m this posttranslational modification existed between rFbg and 
rFbgy. BHK-Fbg and BHK-Fbg7' cells were labeled with 

S0 4 to visualize the sulfated chains, and parallel cell cultures 
were labeled with [«S]Cys to unambiguously identify the three 
chains of fibrinogen. The labeled medium was then either 
immunoprecipitated or clotted with normal human plasma 
Figure 4 shows that only the Y chain incorporated detectable 
amounts of »S0 4 . Lanes 1 and 2 show rFbg labeled with 

\seA ^ *' "sP^e'y. and immunoprecipitated. No 

S0 4 -labeled bands are seen in lane 2. In contrast, rFbgV 
labeled with ("SJCys and "S0 4 (lanes 3 and 4, respectively) 
showed labeling of a band with "S0 4 which comigrated with 
the 7 band. These data show that only the 7' chain was 
sultated to an appreciable extent. 

To ensure that the "S0 4 -labeled band was indeed the 7' 
band and not a proteolyzed 0 or a band, the labeled media 
were clotted, and the solubilized clot was run on a gel As 
shown earlier in Figure 3, the clotted fibrinogen had a char- 
acteristic binding pattern in which the a bands decreased 
sharply in intensity, the 0 band shifted to a slightly lower 
position, and the 7 (or 7') band shifted to the dimer position. 
Figure 4. lanes 5 and 6, shows ("SJCys- and J5 S0 4 -labeled 
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rFbg, respectively, after clotting. The 0 band and the y-y 
dimer are apparent in the [ 35 S]Cys-labeled rFbg (lane 5), but 
not in the 3S SO<-labeled rFbg (lane 6). However, rFbgy shows 
the 7-y dimer band after labeling with both [»S]Cys (lane 
7) and "S0 4 (lane 8), indicating that the y chain was readily 
sulfated. Significantly, no 3S S0 4 -Iabeled band was detected 
at the position of the 0 or a bands. These results confirm the 
sulfation of the y' chain. 

Tyrosine O-Sulfate Analysis. The 35 S0 4 -labeled rFbg?' 
was analyzed to determine whether the label was incorporated 
into Tyr residues. Carboxypeptidase Y treatment of the im- 
munoprecipitated rFbgy caused the release of 45% of the label 
after 30 min and 96% of the label after a 24-h digestion. The 
released labeled material was derivatized with phenyl iso- 
thiocyanate and chromatographed on a Cl 8 column for amino 
acid analysis. A major peak of radioactivity which corre- 
sponded to 81% of the input 3i S label eluted 1 1.5 min after 
injection (Figure 5, upper panel), in addition to a minor 
breakthrough peak at 3.5 min and an unidentified minor peak 
at 15.5 min. In comparison, a derivatized Tyr O-sulfate 
standard eluted at 1 1.8 min after injection (Figure 5, lower 
panel), with a byproduct peak at 19.8 min. The elution times 
of the major 3J S peak and the Tyr O-sulfate standard indicate 
that the majority of the sulfation in the Y chain occurs on Tyr. 

Discussion 

Fibrinogen is the central molecule in the blood coagulation 
cascade and forms the structural basis of the fibrin clot. As 
such, it is essential for normal hemostasis in vivo. Although 
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figure 4: .£ 5 SlCystcine- and »SO r Iabcled fibrinogens. [»S]Cys- 
teine- and 35 S0 4 -Iabeled fibrinogens from BHK-Fbg and BHK-Fbgy 
cells were immunoprecipitated or clotted and run on gels. Lanes I -4 
show recombinant fibrinogens immunoprecipitated and run on 10% 
reduced gels: 1) [«S Cys labeled BHK-Fbg cells; (2) »S0 4 -labeled 
i ^*Jp g ut Cl cL (3 I ,S]Cys.|abeled BHK-Fbgy' cells; (4) "S0 4 - 
labeled BHK-Fbgy cells. Lanes 5-8 show recombinant fibrinogens 
clotted and run on 10% reduced gel: (5) [»S1 Cys-labeled BHK-Fba 

Fbgy cells; (8) 35 S0 4 -Iabe!ed BHK-Fbgy cells. 

a great deal is known about its structure and function, the 
unambiguous assignment of many biological functions to 
specific domains has yet to be made. The expression system 
presented here provides the capability to study structure/ 
function relationships directly by site-specific mutagenesis 
Secreted rFbg was indistinguishable from normal fibrinogen 
by several criteria. Structurally, unreduced rFbg comigrated 
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figure 5: Tyrosine 0-sulfate analysis. In the upper panel, 
35 S0 4 -labeled rFbg?' was digested with carboxypeptidase Y, deriv- 
atized with phenyl isothiocyanate, and chromatography on a CI 8 
column; 0.5-min fractions were collected and assayed for radioactivity. 
In the lower panel, Tyr O-sulfate standard was derivatized and 
chromatographed under the same conditions and monitored for ab- 
sorbance at 254 nm. 

with Af r 340000 HepG2 fibrinogen on polyacrylamide gels. 
When reduced, the constituent a-, 0-, and 7-chain bands co- 
migrated with their normal counterparts. These results show 
that rFbg was secreted as the normal six-chain molecule with 
a stoichiometry of (ct0y) 2 . Similarly, rFbg-/ showed identical 
o and 0 chains upon reduction, with the larger Y chain mi- 
grating more slowly, as expected. 

Functionally, the recombinant fibrinogens were active in 
both clotting and cross-linking. It is significant that the labeled 
recombinant fibrinogens not only were incorporated into the 
clot but also were cross-linked by the factor XHIa trans- 
glutaminase activity. This indicates that the recombinant 
fibrinogens were aligned within the fibrin fibrils in the correct 
orientation, such that the carboxyl ends of the 7 (or Y) chains 
in adjacent fibrin monomers were close enough to one another 
for cross-linking into dimers; similarly, the a chains were in 
the correct orientation to allow cross-linking into a high mo- 
lecular weight polymer. Thus, by these criteria, the recom- 
binant fibrinogens functioned like normal HepG2 fibrinogen. 

An interesting structural difference seen between rFbg and 
rFbg7 7 was the sulfation of the Y chain. An early publication 
(Jevons, 1963) reported the presence of Tyr ^sulfate in human 
fibrin, which was later localized to the 0 chain (Liu et al„ 
1985), on the basis of its mobility on gels. A reexamination 
of these findings (Hortin, 1989) suggested that the sulfated 
chain may be the 7' variant, on the basis of its mobility and 
protease resistance. The present report demonstrates that the 
7' chain is indeed sulfated, rather than the closely migrating 
P chain. 

Pronase hydrolysis of the sulfated chain in human fibrinogen 
from HepG2 cells showed that the sulfation occurred on Tyr 
residues (Liu et al., 1985; Hortin, 1989). In the BHK cell 



expression system, the vast majority of the sulfation was also 
found on Tyr residues, demonstrating that the expression 
system performs this posttranslational modification correctly. 
In rat fibrinogen, one Tyr at position 418 is present in the y 
chain which is absent in the 7 chain; this is thought to be the 
sulfated residue (Hirose et al., 1988). Similarly, the human 
7' chain also contains Tyr-418; however, an additional Tyr 
is also present at position 422 (Figure 6). Tyr-418 follows 
the consensus pattern for sulfated Tyr residues (Huttner, 
1988): an acidic amino acid at position -1 (Glu-417) with 
at least three acidic amino acids from -5 to +5 (Glu-415, 
Glu-417, Asp-419) and not more than one basic amino acid 
from -5 to +5 (none present); the presence of turn-inducing 
amino acids from -7 to -2 and from +1 to +7 (Pro-413, 
Pro-423); less than three hydrophobic amino acids from -5 
to +5 (Leu-421); and an absence of disulfide-bonding Cys 
residues or N-linked glycosylation sites from -7 to +7. In 
contrast, Tyr-422 lacked an acidic amino acid at position -1 
(Leu-421) but had five acidic amino acids from -5 to +5 
(Glu-417, Asp-419, Glu-424, Asp-425, Asp-426), had one 
turn-inducing amino acid from +1 to +7 (Pro-423) but lacked 
one from -7 to -2, had less than three hydrophobic amino acids 
from -5 to +5 (Leu-421, Leu-427), and lacked disulfide- 
bonded Cys residues or N-linked glycosylation sites from -7 
to +7. On the basis of this analysis, and by analogy with the 
rat Y chain, Tyr-418 is probably the sulfated residue. Further 
biochemical characterization of the Tyr O-sulfate, however, 
is necessary. It was not possible to determine the stoichiometry 
of sulfation, since the specific activities of the cysteine and 
sulfate pools within the cell are not known. The determination 
of the Stoichiometry of sulfation will require the purification 
of rFbg7' and the biochemical analysis of the sulfated Tyr 
residues. One additional possibility is that the 7 / -chain 20 
amino acid carboxyl extension is not sulfated itself but merely 
directs sulfation to another part of the chain. However, the 
rapid and quantitative release of the sulfated Tyr by carbox- 
ypeptidase Y suggests that the sulfated residues were near the 
carboxyl terminus. 

The role of the sulfated Tyr is completely unknown, since 
the role of the y' chain is unknown. It is apparent that the 
7'-chain extension contributes seven extra negatively charged 
amino acids in Glu and Asp residues, and possibly one or two 
additional negative charges in sulfated Tyr residues. The effect 
of these charges on the fibrinogen molecule is puzzling. It is 
clear from the present data that they do not prevent incor- 
poration into a fibrin clot, nor do they prevent cross-linking 
of the 7' chains by factor XHIa. Previous studies using 
heterodimeric y-containing fibrinogen (ct0y)(afly f ) indicated 
that these molecules have reduced platelet binding and ag- 
gregate platelets less effectively (Peerschke et al., 1986). In 
addition, intracellular fibrinogen stored in platelet a granules 
lacks the Y chain (Francis et al., 1984; Mosesson et al., 1984). 
However, these findings only illustrate roles in which 7'- 
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Rat gamma chain NH 2 ---Val -Gly-Asp-Met-COOH 

Rat gamma' chain NH ? ---Va1 -Ser-Val -CI u-His-Glu-Val -Aso-Val »G1u-Trr>Pro-C0OH 



Human gamma chain NH 2 - --Ala-Gly-Asp-Val -C00H 

Human gamma' chain NH 2 — Val -Arg-Pro-Glu-His-Pro-Al a-Glu-Thr-Glu-Jjcjp-Asp Ser-Leu-Tvr-Pro-GI u-Asp-Asp-Leu-COOH 

FIGURE 6: Comparison of 7- and V-chain carboxyl termini from rat and human fibrinogens. Amino acid sequences for the carboxyl termini 
of rat and human 7 and Y chains are shown in alignment. The putative Tyr-4 18 sulfation site in the rat Y chain is underlined, as is the corresponding 
site in the human Y chain and the unique Tyr at position 422. 
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containing fibrinogen does not participate; the expression 
system shown in this report should prove useful in the eluci- 
dation of its true role in hemostasis. 
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ABSTRACT Follicle-stimulating hormone (FSH; fol- 
iitropin) is a pituitary glycoprotein composed of two post- 
transiationaliy modified subunits, which must properly assem- 
ble to be biologically active. FSH has been difficult to purify 
and to obtain in quantities sufficient for detailed biochemical 
studies. We have targeted FSH expression to the mammary 
gland of transgenic mice by using cDNAs encoding the bovine 
a and FSH/3 subunits and a modified rat 0-casein gene-based 
expression system. Lines of bigenic mice expressing both 
subunits have been generated either by coinjection of the 
subunit transgenes or by mating mice that acquired and 
expressed transgenes encoding an individual subunit. Up to 60 
international units (15 /ig) of biologically active FSH per ml 
was detected in the milk of the bigenic mice. These lines provide 
a model system for studying the post-transcriptional mecha- 
nisms that efTect the expression and secretion of this het- 
erodimeric hormone. 



Follicle-stimulating hormone (FSH; follitropin) is a member of 
the glycoprotein family of pituitary hormones, which includes 
thyroid-stimulating hormone (TSH), luteinizing hormone 
(LH), and chorionic gonadotropin (CG). Like LH and CG, 
FSH is a gonadotropin and is composed of a common a 
subunit that is noncovalently linked to a hormone-specific j3 
subunit (1, 2). FSH has been difficult to purify and to obtain 
in sufficient quantities for detailed biochemical studies (for a 
review, see ref. 3). The a and FSHjS subunits are post- 
translationally modified, and the nature and extent of such 
modifications can exert a profound effect on subunit assembly, 
secretion, and stability (4-6). Only heterodimers with appro- 
priately glycosylated subunits exhibit significant biological 
and receptor-binding activity (5, 7, 8). Targeting FSH to the 
mammary gland of transgenic animals would, therefore, serve 
as a model system in which to study glycoprotein processing 
and secretion as well as a means to produce large quantities of 
FSH. A standardized source of recombinant FSH would be 
useful to both human and livestock fertilization programs to 
achieve the reproducible development of ovarian follicles. 

Several different milk protein-based constructs have been 
employed to express diverse heterologous proteins in the milk 
of a variety of transgenic animals (for reviews, see refs. 9-11). 
We have demonstrated previously that a -524/+490 minimal 
rat j3-casein promoter fragment can direct the expression of 
chloramphenicol acetyltransferase to the mammary gland (12). 
To determine whether the mammary gland could be used to 
secrete large quantities of a bioactive heterodimeric protein 
into milk, we have used a modified rat jB-casein-based vector 
to target and express bovine FSH (bFSH) to the mammary 
gland and into the milk of transgenic mice. 



The publication costs of this article were defrayed in part by page charge 
Payment. This article must therefore be hereby marked "advertisement" 
m accordance with 18 U.S.C. §1734 solely to indicate this fact. 



MATERIALS AND METHODS 

Construction of the Transgenes. The FSH subunit cDNAs 
were obtained from Genzyme; a as a 730-base-pair (bp) 
£coRI fragment and FSH0 as a 560-bp EcoK\/BamH\ frag- 
ment. The cDNA fragments were inserted into pUC19 (13) 
with the rat 0-casein -524/+490 fragment (12) and an 850-bp 
EcoRI fragment carrying the simian virus 40 small tumor 
antigen intron with transcript cleavage and polyadenylylation 
signals (kindly provided by S. Berget, Baylor College of 
Medicine). A 408-bp Hindlll fragment of the mouse mam- 
mary tumor virus long terminal repeat (LTR) carrying four 
glucocorticoid response element (GRE) sequences (kindly 
provided by M. Parker, Imperial Cancer Research Fund 
Laboratories) was placed at -330 in the rat j3-casein fragment 
of the a construct. 

Production and Screening of Transgenic Mice. Transgenic 
mice were generated and mouse tail DNA was isolated as 
described previously (12). The polymerase chain reaction 
(PCR) was employed to screen for positive transgenic mice. 
The sequences of the synthetic oligonucleotides used in PCR 
reactions were as follows (5' -* 3'): 1, GAGCTTCATCTTC- 
TCTCTTGTCCTCCGC ; 2, ACAGAGACAAAATGGCCA- 
GAATGAC; 3, GCTTTATTGCTTTTCTCCTTATCCT; 4, 
TCTCTGTAGGTAGTTTGTCCAATTA; 5, AGGCATTC- 
CACCACTGCTCCCATTCATC; 6, AAAAGGAAACA- 
GAACTGGACAGACT; and 7, TACTGACCTCTGCTCTC- 
CGACGGAT. 

Transgene cointegration was analyzed by Southern blot- 
ting tail DNA (10 fig) digested with EcoRI. Blots were 
hybridized with 32 P-labeled a- or FSH/3-specific probes pre- 
pared by random oligonucleotide labeling. 

UNA Isolation and Analysis. Total RNA was isolated from 
mouse mammary gland tissue by the method of Chirgwin et 
al. (14). For Northern blots, RNA (20 Mg) was fractionated in 
agarose gels containing formaldehyde (15). For slot blots, 
RNA (1, 2, or 4 /ig) was applied to ZetaProbe membrane 
(Bio-Rad) and compared to known amounts of the a or FSH/3 
cDNAs included as standards. Quantitation was performed 
by scanning with an LKB laser densitometer. 

Collection of Mouse Milk. Mice were anesthetized with 1 ml 
of Avertin (20 mg/ml) administered i.p. immediately prior to 
milking, and 0.5 ml of oxytocin [200 international units 
(IU)/ml; Sigma] was administered i.p. before milk samples 
were harvested by gentle suction into tubes at 4°C. The whey 
fraction was prepared by centrifugation of skim milk at 16,000 
x g for 15 min at 4°C. 



Abbreviations: FSH, follicle-stimulating hormone (follitropin); 
bFSH, bovine FSH; rbFSH, recombinant bFSH; oFSH, ovine FSH; 
GRE, glucocorticoid response element; IU, international units. 
t Present address: Animal Resource Center, University of Colorado 
Health Sciences Center, Denver, CO 80262. 
I! To whom reprint requests should be addressed. 
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Characterization of FSH in Mouse Milk. A heterologous 
double-antibody radioimmunoassay (RIA) was performed as 
described (16). For immunoblot analysis, whey protein (300 
/ig) was fractionated by SDS/PAGE at room temperature 
(15). Samples were not heated and did not contain 2-mer- 
captoethanol. Ovine FSH (oFSH; NIADDK-oFSH-16; 20 
National Institutes of Health units/mg) was added to non- 
transgenic mouse milk for positive controls. A sample of 
recombinant bFSH (rbFSH) made in Chinese hamster ovary 
(CHO) cells (a gift of Genzyme) was used to assess the 
cross-reactivity of the antibody in this assay. Blots were 
probed with the JAD-17-689 antiserum (16) (l:5000) t kindly 
provided by J. Dias (State of New York Department of 
Health), and developed with a goat anti-rabbit IgG- 
horseradish peroxidase enhanced chemiluminescence (ECL) 
detection scheme (Amersham). 

For radioreceptor assays, samples were initially diluted 
with an equal volume of assay buffer (100 mM Tris-HCI/100 
mM sucrose/5 mM MgCl 2 /0.1% bovine serum albumin, pH 
7.4) and incubated with a chicken testis receptor preparation 
(17). The standard was NIH-FSH-S9 (18). Data analysis was 
by the allfit(flexifit) program, version 2.6 (Laboratory of 
Theoretical and Physical Biology, National Institute of Child 
Health and Human Development). Calculation of the ng of 
rbFSH was based on the specific activity of bFSH (19). 
Calculation of FSH activity was from the ED 50 of the assay. 
Acid-dissociation radioreceptor assay experiments (20) mea- 
sured FSH activity in 50 fil of milk surviving 1 M propionic 
acid treatment for 1 hr at 37°C. Precipitated casein and other 
milk proteins were removed by centrifugation. The granulosa 
cell bioassay and chromatofocusing analysis were performed 
as described (5, 21). 

RESULTS AND DISCUSSION 
Characterization of the or and FSH/J Transgenes. The 

cDNAs encoding a or FSH/3 were placed into a rat /3-casein 
expression vector (Fig. 1). Lines of transgenic mice were 
generated by either individual or coinjection (12, 22) of a and 
FSH/3 constructs. A construct carrying four copies of a GRE 
from the mouse mammary tumor virus promoter (Fig. IB) 
was also employed to direct high-level a-subunit expression, 
since in the normal pituitary a is expressed in excess over the 
dimeric hormone (23-27). Screening by PCR identified 
founder animals carrying either the a or the FSH/3 construct 
or both (Fig. 1 D and E). 

Southern blot experiments were used to characterize the 
architecture of the integrated transgenes. Since the trans- 
genes carry a single EcoRl site, the detection of strongly 
hybridizing species in the 2- to 3-kb range (Fig. 2 A and B) is 
diagnostic for transgene cointegration. When the a or FSH/3 
transgenes were coinjected, multiple copies were found to be 
cointegrated in >85% of the positive lines. Only a few lines 
carried individual transgenes [e.g., line 7905 carries a single 
a transgene (Fig. 2 A and B, lane 1)]. Some head-to-head and 
tail-to-tail cointegration events occurred. Divergent PCR 
confirmed the head-to-tail orientation (Fig. 2C). 

Expression of a and FSH/3 mRNAs in Mammary Glands of 
Lactating Transgenic Mice. Northern blot analysis indicated 
the presence of major 1519-nucIeotide a and 1340-nucleotide 
FSH/3 mRNA species (Fig. 3) corresponding to the expected 
transcript sizes. The smaller a mRNA species (Fig. 3A, lane 
3) may arise from cleavage and polyadenylyiation at signals 
within the 3' untranslated region of the a cDNA (28, 29). 
Examination of the transcripts by reverse transcriptase- 
mediated PCR indicated that most a and FSH/3 mRNA 
species encode unit-length proteins (N.M.G. and J.M.R., 
unpublished results). 

When Northern blots were rehybridized with a mouse 
/3-casein exon 7 probe, the /3<asein mRNA level was found to 
be =*5- to 10-fold greater than that observed for the a-subunit 
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Fig. 1. Structure of the rbFSH transgenes and identification of 
transgenic mice by PCR. (A) Structure of the a cDNA transgene. The 
elements are -524 to +1, the 5' flanking region of rat 0-casein; +1 to 
+43, the noncoding first exon of rat /3-casein and 5' splice donor; +490, 
the 3' splice acceptor and unique £coRI site; ATG and TAA, the bovine 
a cDNA open reading frame; hatched region, simian virus 40 small 
tumor antigen splice and polyadenylyiation signals. The primers used 
for PCR were 1, 2, 3, 4, and 5 (see Materials and Methods). (B) 
Structure of the GRE-enhanced a cDNA transgene. The four GREs are 
denoted by thin vertical bars. (C) Structure of the FSH0 cDNA 
transgene. ATG and TAA denote the bFSH/3 cDNA open reading 
frame. The primers used for PCR were 6 and 7. {D) PCR analysis for the 
a transgene. Primers 1 and 2 were used to screen tail DNA by PCR. 
Lanes 1-10 represent founder mice 7905, 7502, 2038, 7398, 7485, 7919, 
7389, 7667, 7668, and 7904, respectively. Lane 11, nontransgenic mouse 
control. The sizes of the PCR products are shown on the right and the 
migration of the DNA markers (lane M) is shown on left in kilobases 
(kb). (£) PCR analysis for the FSH/3 transgene. Primers 1 and 6 were 
used to screen tail DNA by PCR. Lanes as in D. 

mRNA (data not shown). Since 0-casein mRNA has been 
estimated to make up =20% of the total mRNA at day 10 of 
lactation, the level of the a-subunit mRNA should correspond, 
therefore, to =*2% of the total mRNA, in agreement with the 
quantitative slot blot determination (see below). 

Two-thirds of the mice carrying the GRE-enhanced a 
construct expressed the transgene, whereas only one-sixth of 
those lacking the GRE expressed a. Of mice carrying minimal 
a and FSH/3 constructs, 3 of 11 (27%) expressed both 
transgenes, while 6 of 10 (60%) expressed the cointegrated 
GREa and FSH/3 constructs. Lines of transgenic mice car- 
rying the GRE-enhanced constructs expressed more fre- 
quently (30, 31) and at higher levels (see below). Line 7905 
(single copy of GREa) has been bred to line 7502 (4 to 6 copies 
of a tandemly arranged FSH/3) to establish line 2038 (Fig. 1 
D and £), which expressed both independent loci (Fig. 3). 

Secretion of rbFSH into Mouse Milk. rbFSH was detected 
in milk collected at lactation (Fig. 4A), but not in milk from 
nontransgenic littermates, by using a heterologous double- 
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Fig. 2. Southern blot analysis of integrated bFSH trans- 
genes. {A) EcoRI-digested tail DNA was hybridized with the 
a cDNA insert (lanes as in Fig. 1 D and £). Sizes of DNA 
markers are shown on the left. (£) Blot in A was re-probed 
with the FSH0-cDNA insert. (C) Divergent PCR analysis of 
tail DNA from mouse 7667. PCR reactions were performed 
with a- or FSH0-specific primers (Fig. 1) to detect cointegra- 
tion events. Lane 1, primers 2 and 3; lane 2, primers 3 and 7; 
lane 3, primers 3 and 6; lane 4, primers 2 and 7; lane 5, primers 
2 and 6; and lane 6, primers 6 and 7. 



antibody RIA. Proteins present in normal mouse milk did not 
interfere with the assay. 

The species of FSH present in milk were further charac- 
terized by immunoblotting (Fig. 4B). Preparations of pituitary 
oFSH (lanes B, C, and D in Fig. 45) and rbFSH prepared 
from transfected CHO cells (lane I in Fig. 4B) were included 
as controls. The antiserum to oFSH detected a species of «*38 
kDa in the milk from bigenic mouse 8942 (lanes E and K in 
Fig. 4B). The 38-kDa species corresponds in size to the 
species detected in both the oFSH and rbFSH standards. 
Some microheterogeneity in the post-translational modifica- 
tions of the FSH may explain the broad bands observed (see 
chromatofocusing results) (32, 33). One microgram of the 
oFSH standard (lane B) gave a much stronger signal at 38 kDa 
than an equivalent amount of the CHO rbFSH protein (lane 
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Fig. 3. Northern analysis of FSH mRNA from transgenic mice 
at day 10 of lactation. {A) Hybridized with the a cDNA insert. Lane 
1* RNA prepared from a nontransgenic mouse; lanes 2-6, RNA from 
mouse (line number) 9667 (7905), 9415 (7398), 8611 (7667), 2038 
(2038), and 9434 (7502), respectively. The relative migration of the 
18S and 28S ribosomal RNAs is shown on the left. Length in 
nucleotides is given on the right. Time of autoradiography was. 30 
min. (£) Hybridized with the FSH/3 cDNA insert. Lanes as in A. 
Time of autoradiography was 20.5 nr. 



I), reflecting that the antiserum was raised against oFSH 
rather than bFSH. 

A strongly immunoreactive species with a mass of 18 kDa 
was detected in the milk from bigenic mice, as well as from 
mice expressing only the a-subunit mRNA and may be free 
a subunit. This was not detected in the control milk sample. 
The immunoblot and RIA results suggest the polyclonal 
anti-oFSH antiserum can crossreact with both heterodimer 
and free a subunit, and it may contain species recognizing 
free bovine a and heterodimer, but with different affinities. 
Therefore, the immunoblot could not be used to quantita- 
tively determine the relative abundance of a and rbFSH. 

Steady-state a and FSH0 mRNAs were quantitated by slot 
blot hybridization analysis. Summarized in Table 1, a mRNA 
levels were consistently higher, 7- to 17-fold, than those for 
FSH0 mRNA. Levels of both mRNAs were independent of 
transgene copy number; line 7905 carries a single GREa 
transgene yet expresses high levels of a mRNA. Consistent 
with previous results, expression appeared to be highly 
dependent on the site of integration (11, 12, 31), and the level 
of mRNA was observed to vary as much as 3-fold between 
littermates (e.g., a-FSH mRNA, line 7919). The relatively 
high a and low FSHjS mRNA levels suggest that post- 
transcriptional mechanisms influence their steady-state lev- 
els, supporting the hypothesis that the 3' untranslated region 
of FSH0 mRNA may impart instability (34). 

Milk of bigenic mouse 8942 was capable of displacing an 
125 Mabeled purified porcine FSH preparation from chicken 
testis FSH receptors (Fig. 4C) (2, 17). No displacement was 
observed when milk from a nontransgenic littermate was used. 
The calculated competitive binding displacement (single point 
assay, Fig. AC) of milk treated with 1 M propionic acid was 
equivalent to only 82 ng of FSH as compared to 2000 ng of FSH 
in 50 /il of untreated milk, representing 96% inactivation. 
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Fig. 4. Characterization of rbFSH in milk of transgenic mice. (A) RIA using rabbit antiserum JAD-17-679. Standard curves: (•), USD A B5 
standard; (a), USDA B5 standard in nontransgenic milk. Sample inhibition curves are (values obtained for FSH in milk calculated from the 
dilution giving 50% inhibition in parentheses): (O), milk 8942 (2.3 mg/ml); (a), milk 8611 (2.5 mg/ml); □, milk 1262 (0.63 mg/ml). (B) Immunoblot 
analysis of FSH in milk. Milk samples fractionated by SDS/PAGE were probed with JAD-17-679. Lanes A-D, normal mouse milk with 0. 1, 
0.5, 0.25 fLg of oFSH added, respectively. Lanes E-H are milk from mice (line number in parentheses) 8942 (7919), 9667 (7905), 9434 (7502), 
and 2038 (2038), respectively. Lane I, CHO rbFSH (200 fig of total protein; 1.25 Mg of FSH). Lanes J and K are 2-hr exposures of lanes D and 
E. Lanes L and M show lanes equivalent to D and E from a gel run in parallel and stained with Coomassie blue. (C) Competitive binding 
experiments for rbFSH in milk, using a chicken testis radioreceptor assay. Samples used were FSH (NIH-FSH-S9; a), milk from transgenic 
mouse 8942 (■), and milk from a nontransgenic mouse (•). The putative ng of rbFSH has been plotted in comparison with the ng of NIH-FSH-S9 
used in the assay (to avoid the weight-to-dilution comparison). A comparable dilution for the control milk (•) is shown on the same scale. A 
sample of milk 8942 treated in 1 M propionic acid for 1 hr at 37°C (*) was also analyzed. (D) Analysis of bioactive rbFSH by granulosa cell 
aromatase assay. Granulosa cell cultures were treated with increasing aliquots of milk whey protein fractions from transgenic and control mice. 
Symbols as in A; data are mean ± SEM. 



These results, summarized in Table 1, indicate that the rbFSH 
secreted into milk can interact with FSH receptors. 

To measure the biological activity of the rbFSH, rat 
granulosa cell in vitro bioassays were utilized (Fig. AD). In 
granulosa cells, FSH stimulates both the conversion of 
cholesterol to pregnenolone and the aromatization of the 



estrogen precursor androstenedione (33). The results are 
summarized in Table 1. Milk samples from independent 
bigenic lines (mice 7994, 1262, 8611, and 8942) contained high 
levels of biologically active FSH. High FSH activity was 
detected in milk from line 2038, while milk from the parental 
lines contained no detectable bioactive FSH. Therefore, 



Table 1. Summary of FSH subunit mRNA levels in the mammary gland and FSH activity in the milk of lactating 
transgenic mice 

ng a mRNA/ ng FSH/3 mRNA/ 
Hg total RNA Mg total RNA 
(A) 



Line Mouse Construct 



(B) 



A/B ratio assay 



FSH, IU/ml 

Radioreceptor 



Granulosa 
bioassay 



ICR 






<0.1 


<0.1 


ND 


<0.1 (n = 


1) 


<0.1 (n = 1) 


7905 


9667 


GREa 


10.8 


<0.1 


ND 


ND 




<0.1 (n = 1) 


7502 


9434 


FSH0 


<0.1 


0.3 


ND 


ND 




<0.1 (n = 1) 


7398 


7994 


aFSH0 


3.8 


0.2 


17.3 


ND 




39.2 (n = 1) 


7485 


1262 


aFSH0 


1.4 


0.2 


7.3 


ND 




10.6 ± 4.2 (n = 6) 


7667 


8611 


GREaFSH/3 


2.8 


0.2 


12.6 


ND 




39.2 ± 15.5 (n = 4) 


7919 


7919 


GREaFSH/S 


2.3 


0.4 


5.6 


ND 




ND 


7919 


8941 


GREaFSH£ 


2.8 


0.3 


10.7 


ND 




ND 


7919 


8942 


GREaFSH/3 


6.6 


0.5 


13.6 


66.7 (n = 


1) 


66.2 ± 14.8 (n = 5) 


2038 


2038 


GREa x FSH/3 


8.2 


0.7 


11 


ND 




36 (n — 1) 



Values in columns A and B are rounded off. The A/B ratio is accurate to two significant figures. FSH subunit mRNA 
levels are expressed as ng of specific mRNA per jug of total RNA per assay. To assay FSH in milk, samples harvested from 
lactating female mice were characterized by the radioreceptor and in vitro granulosa cell bioassays; results are given ±SEM. 
ND, not determined. 
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Fig. 5. Analysis of rbFSH by chromatofocusing. Samples of 
rbFSH from bigenic mouse milk or transfected CHO cells (Genzyme) 
were chromatographed on a PBE-94 column (Pharmacia). The pH (•) 
and ability to stimulate estrogen synthesis by 8942 milk (a: **800 ng 
of FSH) and CHO FSH U; *2.5 M g of FSH) were determined from 
alternate fractions. 

production of estrogen in the granulosa cell assay was 
specifically related to the presence of heterodimeric FSH. 
The amounts of rbFSH in milk from mouse 8942 determined 
by the radioreceptor and granulosa cell assays were quite 
similar. This value of 66 IU/ml corresponds to ^15.3 /ig of 
FSH per ml, assuming 1 /xg of FSH = 4 IU of FSH (19). No 
adverse reproductive consequences were observed in the 
expressing bigenic lines, and rbFSH was not detected in the 
serum collected from lactating animals (D. Bolt, personal 
communication), suggesting that rbFSH is secreted vectori- 
ally into milk. Normal patterns of transgene transmission and 
expression have been observed in several litters of offspring 
for all our expressing lines. 

Since isoforms of FSH can be separated on the basis of 
their isoelectric properties, which are, in part, related to 
terminal sialic acid content (32, 33) chromatofocusing anal- 
ysis was performed. Fractions from 8942 milk (4 IU total) and 
the CHO rbFSH (10 IU total) were collected, the pH was 
measured, and FSH activities were determined by granulosa 
cell bioassay. The 8942 rbFSH had one major peak of activity 
between pH values 6.1 and 4.2 (Fig. 5) and the CHO rbFSH 
profile exhibited a similar single peak (pH 5.2 to 4.0). Both 
profiles are consistent with the observations of Galway et aL 
(5) for FSH with appropriate N-linked carbohydrate struc- 
tures. The broader peak observed for transgenic rbFSH 
probably reflects the capacity of the mammary gland to add 
terminal sialic acid residues to these proteins. The lack of 
terminal sialic acid residues does not affect FSH receptor 
binding or in vitro bioactivity but may, however, be related 
to enhanced clearance rates for FSH in blood plasma (5, 32). 

By several independent criteria we have demonstrated that 
rbFSH can be produced in transgenic mice using a rat 
0-casein expression system. As post-transcriptional mecha- 
nisms are probably responsible for the differences observed 
in the relative levels of the a and FSHjS subunit mRNAs, it 
may be possible with appropriate engineering to express a 
more stable FSH0 mRNA, thereby increasing the levels of 
rbFSH in milk. For example, a "second generation" of 
transgenes has been constructed to determine whether higher 
steady-state levels of FSH0 mRNA will result from the 
precise exchange of FSH/3 and a cDNA open reading frames. 
The lines of mice bearing the individual a, and FSH0 
transgenes provide useful models for the study of the mech- 
anisms regulating the post-translational processing of both 
the individual subunits and the heterodimer. Finally, these 
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studies have demonstrated that the mammary gland can be 
used as a bioreactor to direct the high expression and vectoral 
secretion into milk of heterodimeric proteins requiring ex- 
tensive post-translational modifications. Although the quan- 
tities of glycosylated hormone produced in mice are sufficient 
for further biochemical analysis, the introduction of such 
transgenes into livestock (9) will be required to provide 
sufficient quantities for both research and commercial pur- 
poses. 

We thank T. Duffy, F. Farzam, C. Nichols, and Hyun Nahm for 
technical assistance. Hormone standards were gifts of the U.S. 
Department of Agriculture Animal Hormone Program. This work 
was supported in part by the U.S. Department of Agriculture (Grant 
88-37266-3951 to J.M.R.) and Granada Biosciences (J.M.R.) and the 
National Institutes of Health (Grant DK-09801 to D.N.W.). 

1. Pierce. J. G. & Parsons, T. F. (1981) Annu. Rev. Biochem. 50, 466-495. 

2. Ward. D. N., Bousfield, G. R. & Moore, K. H. (1991) in Reproduction 
in Domestic Animals, ed. Cupps. P. T. (Academic, New York), pp. 
25-80. 

3. Liu. W.-K. & Ward. D. N. (1975) Pharmacol. Ther. B. 1, 545-570. 

4. Matzuk. M. M., Kornmeier, CM.. Whitfield, G. K., Kourides. I. A. & 
Boime, I. (1988) Mol. Endocrinol. 2, 95-100. 

5. Galway, A. B.. Hsueh, A. J. W.. Keene, J. L., Yamoto. M., Fauser. 
B. C. J. M. & Boime. I. (1990) Endocrinology 127, 93-100. 

6. Kaetzel, D, M„ Virgin, J. B.,'Clay, C. M. & Nilson, J. H. (1989) Mot. 
Endocrinol. 3, 1765-1774. 

7. Strickland. T. W., Thomason, A. R., Nilson, J. H. & Pierce, J. G. (1985) 
J. Cell. Biochem. 29, 225-237. 

8. Sairam, M. R. & Bhargavi. G. N. (1985) Science 229, 65-67. 

9. Hennighausen, L. (1990) Protein Expression Purification 1, 3-8. 

10. Harris. S.. McClenaghan, M., Simons, J. P., Ali, S. & Clark, A. J. (1990) 
J. Reprod. Fertil. 88, 707-715. 

11. Rosen. J. M., Bayna, E. M. & Lee, K.-F. (1989) Mol Biol. Med. 6, 
501-509. 

12. Lee, K.-F.. DeMayo, F. J., Atiee, S. H. & Rosen, J. M. (1988) Nucleic 
Acids Res. 16, 1027-1041. 

13. Yanisch-Pcrron, C. J., Vieira. J. & Messing, J. (1985) Gene 33, 103-119. 

14. Chirgwin, J. M., Przybyla, A. E.. MacDonald,. R. J. & Rutter, W. J. 
(1979) Biochemistry 24, 5294-5299. 

15. Sambrook, J., Fritsch, E. & Maniatis, T. (1989) Molecular Cloning: A 
Laboratory Manual (Cold Spring Harbor Lab. , Cold Spring Harbor, NY), 
2nd Ed. 

16. Acosta. B., Tarnavsky, G. K., Piatt, T. E., Hamemik, D. L., Brown, 
J. L.. Schoenemann, H. M. & Reeves, J. J. (1983) J. Anim. Sci. 57, 
1530-1536. 

17. Gordon. W. L., Bousfield, G. R. & Ward, D. N. (1989) J. Endocrinol. 
Invest. 12, 383-392. 

18. Reichert. L. E.. Jr., & Wilhclmi, A. E. (1973) Endocrinology 92, 1301- 
1304. 

19. Cheng, K.-W. (1976) Biochem. J. 159, 651-659. 

20. Cheng, W. K. (1978)7. Biochem. 175, 29-34. 

21. Hsueh. A. J., Bicsak. T. A.. Jia, X. C, Dahl, K. D.. Fauser, B. C, 
Galway. A. B., CzekaJa, N., Pavlou, S. N., Papkoff. H. & Keene, J. 
(1989) Recent Prog. Horm. Res. 45, 209-273. 

22. Palmiter, R. D. & Brinster, R. L. (1986) Annu. Rev. Genet. 20, 465-499. 

23. Paul, S. J., Ortolando, G. A.. Haisenleder, D. J., Stewart. J. M., Shup- 
nick, M. A. & Marshall, J. C (1990) Mol. Endocrinol. 4, 1943-1955. 

24. Daikin, A. C, Haisenleder, J., Ortolando, G. A., Suhr, A. & Marshall, 
J. C. (1990) Endocrinology 127, 798-806. 

25. Bielinska, M. & Boime, I. (1979) Proc. Natl. Acad. Sci. USA 76, 
1208-1212. 

26. Ortolando, G. A.. Haisenleder, D. J., Daikin, A. C, Iliffe-Sizemore, 
S. A., Landefeld, T. D., Maurer, R. A. & Marshall, J. C. (1988) Endo- 
crinology 123, 2946-2948. 

27. Workewych, J. & Cheng, K. (1979) Endocrinology 104, 1075-1082. 

28. Jameson. J. L., Becker, C. B., Lindell, C. M. & Habener. J. F. (1988) 
Mot. Endocrinol. 2, 806-815. 

29. Esch, F. S., Mason, A. J., Cooksey, K., Mercado, M. & Shimasaki, S. 
(1986) Proc. Natl. Acad. Sci. USA 83, 6618-6621. 

30. Greenberg, N. M. & Rosen, J. M. (1990) Mouse Molecular Genetics 
(Cold Spring Harbor Lab., Cold Spring Harbor, NY), p. 203. 

31. Greenberg. N. M.. Reding, T. R., Duffy, T. & Rosen, J. M. (1991) Mol. 
Endocrinol., in press. 

32. Robertson, D. M. (1989) in Microheterogeneity of Glycoprotein Hor- 
mones, eds. Keel, B. A. & Grotjan, H. E„ Jr. (CRC, Boca Raton, FL), 
pp. 107-125. 

33. Chappel, S. C, Ulloa-Aguirre, A. & Coutifaris, C. (1983) Endocrinol. 
Rev. 4, 179-211. 

34. Keene. J. L., Matzuk, M., Otani, T., Fausser, B. C. J. M., Galway, 
A. B„ Hsueh, A. J. W. & Boime, I. (1989) J. Biol. Chem. 264, 4769- 
4775. 



OCTOBER 1, 1991 
VOLUME 88 
NUMBER 19 




National Academy 
of Sciences 

OF THE UNITED STATES OF AMERICA 



Proceedings 

OF THE 

National Academy 

of Sciences 

OF THE UNITED STATES OF AMERICA 



October 1, 1991 



Volume 88, Number 19 



pp. 8283-8864 



Table of Contents 



CONDENSED INFORMATION FOR CONTRIBUTORS 



AUTHOR INDEX 



Xl-XIll 



Physical Sciences 



CHEMISTRY 

In vivo catalysis of a metabolically essential reaction by an antibody 

Studies on DNA-cleaving agents: Computer modeling analysis of the 
mechanism of activation and cleavage of dynemicin-oligonucleotide 
complexes 



Ying Tang, James B. Hicks, and Donald 8784-8786 
Hilvert 

Paul A. Wender. Robert C. Kelly, 8835-8839 
Suzanne Beckham, and Benjamin L. 
Miller 



MATHEMATICS 

Theory of symmetry classes 



N. Metropolis, Gian-Carlo Rota, and Joel 8415-8419 
A. Stein 



Biological Sciences 



BIOCHEMISTRY 

Mechanism of synergistic transcriptional transactivation by the human 
glucocorticoid receptor 



A. P. H. Wright and J.-A. Gustafsson 



8283-8287 



iii 



The •Iocrnal of Biological Chemistry 



t 

V-tm No- U. issue.,, April PP^t 1 !-. 1 ^' 



Expression of a Whey Acidic Protein Transgene during Mammary 
Development r _ rTATTnv , 

EVIDENCE FOR DIFFERENT MECHANISMS OF REGULATION DURING PREGNANCY AND LACTATION 

(Received for publication. September 27. 1990) 



Tom Burdontf, Lakshmanan Sankaranl, Robert J. Wall|| , Mark Spencer||, and 

Agricultural Research Service, Beltsville. Maryland 20/25 



Expression of the mouse whey acidic protein (WAP) 
gene is specific to the mammary gland, is induced 
several thousand-fold during pregnancy, and is under 
the control of steroid and peptide hormones. To study 
developmental regulation of the mouse WAP gene, a 
7 2-kilobase (kb) WAP transgene, including 2.6 kb ot 
5'. and 1.6 kb of 3'-flanking sequences, was intro- 
duced into mice. Of the 13 lines of mice examined, 6 
expressed the transgenes during lactation at levels be- 
tween 3 and 54% of the endogenous gene. Although 
expression was dependent on the site of integration, 
the transgenes within a given locus were expressed in 
a copy number-dependent manner and were coordi- 
nate^ regulated. The WAP transgenes were expressed 
specifically in the mammary gland, but showed a der- 
egulated pattern of expression during mammary de- 
velopment. In all six lines of mice, induction of the 
WAP transgenes during pregnancy preceded that ot 
the endogenous gene. During lactation, expression in 
two lines increased coordinately with the endogenous 
gene, and in three other lines of mice, transgene 
expression decreased to a basal level. These data indi- 
cate that the 7.2-kb gene contains some but not all ot 
the elements necessary for correct developmental reg- 
ulation. At a functional level it appears as if a repressor 
element, which inactivates the endogenous gene until 
late pregnancy, and an element necessary for induction 
during lactation are absent from the transgene. Com- 
olementary results from developmental and hormone 
induction studies suggest that WAP gene expression 
during pregnancy and lactation is mediated by differ- 
ent mechanisms. 



Expression of milk protein genes is dependent upon inter- 
actions between tissue-specific and developmental^ and hor- 
monally induced regulatory factors (1). Our laboratory uses 
the mouse whey acidic protein (WAP) gene as a model to 
study the structure and function of the corresponding regu- 
latory elements. The WAP gene encodes the major whey 
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protein in mice (2), rats (1), and rabbits (3) and pressed 
almost exclusively in the mammary gland. The steady sta e 
level of mouse WAP mRNA increases several thousand-fold 
between the virgin state and mid-lactation (4, 5). This induc- 
tion depends upon the presence of lactogenic hormones, glu- 
cocorticoids, and insulin (5) but may also require some, as yet 
undefined, features of cell-cell interactions occurring within 
the mammary gland (6). 

WAP gene expression increases sharply between day 15 
and 17 of pregnancy (5). a period during which the levels of 
placental lactogens are near maximal but prolactin levels are 
low (7). Insulin and hydrocortisone are present throughout 
pregnancy. In contrast to WAP the ,i-casein gene is induced 
at dav 10 of pregnancy (8), coincident with the increase in 
placental lactogens (7). In spite of their different temporal 
patterns of expression during pregnancy, induction of both 
the WAP and fl-casein genes in organ explant cultures from 
mid-pregnant mice requires all three hormones, insulin, hy- 
drocortisone, and prolactin (5, 8-10). The mechanisms by 
which these hormones activate milk protein gene expression 
is unclear. Doppler et al. (11) have shown in tissue culture 
cells transfected with a 0-casein gene that prolactin and 
hydrocortisone act through promoter sequences and therefore 
presumably on the transcriptional level. However, Rosen and 
co-workers (12) have evidence that these hormones act pre- 
dominantly at a post-transcriptional level. 

Previous studies have shown that a hybrid gene containing 
5'- flanking sequences of the mouse WAP gene 's expressed 
specifically in the mammary gland o transgenic mice (4 13), 
suggesting that mammary-specific elements reside in 2.6 kb 
of the promoter upstream region. However, correct develop- 
mental and hormonal regulation of the chimeric genes was 
not observed (5). To test whether sequences downstream from 
the promoter are required for correct regulat.on of the WAP 
gene, we have introduced into mice a .2-kb fragment of DN A 
which encompasses the entire transcribed region of he mouse 
WAP gene, 2.6 kb of 5'- and 1.6 kb of 3 -flanking DNA 
Analysis of WAP transgene expression in six independent 
lines of mice allowed us to study the contnoution of regulatory 
elements within the 7.2 kb to the developmental and hormonal 
reflation of the mouse WAP gene. In addition, the introduc- 
tion of three different WAP gene alleles into a single integra- 
tion site allowed us to evaluate the influence of surrounding 
chromatin on the level of expression and developmental reg- 
ulation of individual transgenes within one locus. 



MATERIALS AND METHODS 
Recombinant Plasmids-The plasmid P BS WAP. containing a 7.2- 
kb JcorI 1 fragment with the mouse WAP gene U4)..was Unearned 
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with either Kpnl (exon 1), Sal I (exon 3), or BamHl (exon 4), blunted, 
and ligated with either Hindlll,' Smah or Ndel linkers. Three WAP 
linker alleles were generated: the KH allele contained one Hindlll 
linker in the Kpnl restriction site; the SSM allele carried one Smal 
linker in the Sail restriction site: and the BN allele had five Ndel 
linkers inserted into the BamH I restriction site (Fig, 1), 

Templates used to generate synthetic RNA transcripts containing 
both the linker-allele and the corresponding wild-type sequences were 
constructed by subcloning an exon containing the linker and the 
equivalent wild-type sequence oligonucleotide into the plasmid pBS. 
Plasmid pKpH contains the first exon of the KH WAP allele and a 
copy of the corresponding wild-type sequence; plasmid pSIM contains 
wild-type and allelic sequences spanning the Sail site; and plasmid 
pBmD contains the wild-type and allelic sequences surrounding the 
BamHl site from the fourth exon. In vitro transcription with either 
T3 or T7 RNA polymerase generated sense transcripts from linearised 
plasmids. 

Generation of Transgenic Mice — WAP alleles were separated from 
vector sequences by digestion with £coRI, followed by electrophoresis 
in an agarose gel (FMC). DNA fragments were then isolated by 
electroelution and purification on a ion-exchange column (NACS 
prep; Bethesda Research Laboratories). The fragments were microin- 
jected into the pronuclei of zygotes obtained from C57BL6/SJL Fl 
female mice. Two classes of mice were produced, KH mice were 
generated by injection of the KH allele alone, and KSB mice were 
produced using an approximately equimolar mixture of the three 
alleles. 

DNA Analysis — Transgenic founder mice were identified by South- 
ern blot analysis of tail DNA. DNA was prepared from tail tissue by 
digestion with proteinase K and precipitation with ethanoL The 
phenol/ chloroform extractions were eliminated without adversely 
affecting the results of Southern or PCR analysis. Transgenic off- 
spring were produced by breeding the founders with C57BL6/SJL Fl 
mice. Once a stable line was established, offspring were screened by 
PCR. Mice carrying the KH allele were identified by amplification of 
the first WAP exon and testing the product for the presence of a 
Hindlll restriction site. Amplification of the fourth WAP exon, which 
in the case of the BN gene contained an additional 50 base pairs and 
produced a larger PCR product, was used to identify mice carrying 
the BN allele. 

The copy number of the alleles carried by each line was calculated 
by quantitative PCR. Pairs of primers flanking the Kpnl, Sail, and 
BamHl restriction sites of the WAP gene were used to amplify the 
first, third, and fourth exons, respectively, from approximately 100 
ng of genomic DNA. The products were denatured with sodium 
hydroxide dotted onto GeneScreen Plus and hybridized with single- 
stranded oligonucleotides specific for either the allelic or correspond- 
ing wild-type sequence. The hybridizations were carried out as de- 
scribed in the section "RNA Analysis/* To account for the different 
hybridization efficiency and labeling of each oligonucleotide probe, 
blots also contained a serial dilution of the plasmids pKpH, pSIM, 
and pBmD. The dots were excised, and the bound radioactivity was 
quantitated by scintillation counting. Results were normalized against 
the standard serial dilution of plasmids, and the ratio of allele to 
wild-type sequences was calculated. The copy number of each allele 
in a transgenic line was determined, based on these ratios and the 
results of Southern blots. 

Mammary Explant Culture—Mammary organ explants were pre- 
pared and cultured as described previously (S).Concentrations of 
hormones in organ culture were 100 ng/ml of insulin and hydrocor- 
tisone and 1 Mg/ml of prolactin. 

RNA Analysis— RNA was prepared from fresh mammary tissue or 
organ explants using guanidine thiocyanate and acid phenol (15), 
fractionated on a formaldehyde agarose gel, and blotted onto 
GeneScreen Plus essentially as described (16). Polyadenylated RNA 
was prepared by a batch method (17). Expression of the WAP gene 
alleles was analyzed with the aid of the following allele-specific 
oligonucleotide probes. 

KH: 5' GGCAACGCATGCAAGCTTGCGGTGTCAGGCA 3' 

SSM: 5' GACACAGTCGACCCCGGGGTCGACGTTGCAG 3' 

BND: 5' GTTCTCTCTGGATCCCATATGGCCATATGGC 3' 

Oligonucleotides which detected the equivalent sites in the wild-type 
mRNA were as follows. 



KPN: 5' CAACGCATGGTACCGGTGTCA 3' 
SAL: 5' TGACACAGTCGACGTTGCAGC 3' 
BAM: 5' TTCTCTCTGGATCCAGGAGTG 3' 

Hybridizations were performed in 0.4 M NaCl, 1% sodium dodecyl 
sulfate, 100 mg/ml denatured herring sperm DNA and contained iJ P- 
labeled oligonucleotide probes at 1 ng/ml. All oligonucleotide probes 
were end-labeled with [7- :, 'P]ATP] as described previously (17). 
Hybridizations with the allele or wild-type-specific oligonucleotide 
probes were performed at 65 and 55 a C, respectively. The radioactivity 
associated with a band on the filter was quantitated by scintillation 
counting. In order to measure the relative levels of transgene expres- 
sion, blots included a serial dilution of an equimolar mixture of the 
three synthetic transcripts generated in vitro from plasmids pKpH. 
pSIM, and pBmD. In addition a standard sample of RNA obtained 
from a nontransgenic lactating mouse was included on blots to 
demonstrate the specificity of the oligonucleotides. Based on the 
serial dilution of synthetic RNAs. signals obtained with the different 
allele-specific oligonucleotides were normalized and expression levels 
of alleles could be compared against each other or against the endog- 
enous gene when applicable. 

The mouse /3-casein probe was a 67-mer oligonucleotide specific 
for the leader peptide. The mouse keratin 18 probe was generated by 
random priming of a cDNA insert prepared from plasmid pUC97B 
(18), that had been kindly provided by Dr. Robert Oshima. 

RESULTS 

Generation of Mice Carrying Mouse WAP Transgenes— To 
distinguish between the endogenous and transgenic mouse 
WAP mRNAs, we tagged the transgenes by inserting linkers 
into either exons 1, 3, or 4 of the mouse WAP gene. Three 
linker alleles were produced: the KH allele contained a 
Hindlll linker in the Kpnl site; the SSM allele had a Smal 
linker at the SaH site; and the BN allele carried five Ndel 
linkers at the BamH I site (Fig. 1). The 0.65-kb WAP mRNA 
transcribed from the different WAP gene alleles was detected 
by hybridization with antisense oligonucleotides specific for 
the linker insertions. 

Two classes of transgenic mice were produced; KH mice, 
which carried KH alleles, and KSB mice, which contained all 
three alleles. Transgenic mice containing the three alleles 
were generated to evaluate whether insertion of any of the 
linker molecules would interfere with gene expression. From 
five KH and fifteen KSB founder mice, thirteen lines of mice 
transmitted the transgenes to their offspring. Of these founder 
mice, three KH (3350A, 3350B, 3350C) and four KSB lines 
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Fig. 1. Structure of the WAP gene alleles. A 7.2-kb genomic 
fragment spanning the WAP gene was modified by the insertion of 
oligonucleotide linkers into either the Kpnl {K), Sail (S), or BamHl 
{B) restriction sites, producing three different alleles, KH, SSM. and 
BN, respectively. The open and closed boxes represent untranslated 
and translated regions of the four WAP gene exons, respectively. 
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(3336, 3441, 3628, 3631) expressed the WAP transgenes dur- 
ing lactation at levels between 3 and 54% of the endogenous 
WAP gene. Expression was confined to the mammary gland 
(data not shown). A comparison of WAP transgene copy 
number and expression between six of these lines indicated 
that the transgene was expressed in a position dependent and 
copy number independent manner (Table I). Apparently the 
7.2-kb WAP transgene does not represent a complete regula- 
tory unit. However, expression levels of this construct were 
at least an order of magnitude higher than of hybrid genes 
containing just the WAP gene promoter (4, 13), suggesting 
the presence of additional regulatory elements downstream of 
the promoter. 

Since the three WAP gene alleles cointegrated in KSB mice 
in a tandem head-to-tail arrangement (data not shown), we 
were able to investigate whether expression of the transgenes, 
which was sensitive to the surrounding chromatin (Table I), 
was also subject to position effects within the transgene locus. 
The copy number for each transgenic allele within the loci of 
the KSB lines was determined by quantitative PGR and was 
correlated with the steady state levels of the different RNA 
transcripts (Table II). In the three lines tested, expression of 
the WAP SSM and BN transgene alleles was proportional to 
their copy number within the transgene array, suggesting that 
alleles within a locus are equally active. However, the two 
copies of KH alleles of line 3336 were only expressed at 50% 
of the other alleles, and the single copy of KH allele in line 
3441, situated at the border of the transgene cluster as judged 

Table I 

Comparison between WAP transgene copy number and transgene 
expression in six independent lines of mice 

Transgene copy number (per diploid genome) was determined by 
quantitative PCR. Transgene expression was quantitated by North- 
ern analysis of total RNA prepared from mice at day 2 of lactation 
hybridized with oligonucleotides specific for either the endogenous or 
transgenic WAP gene (WT). 



Line 


Copy No. 


Expression 
ofWT 






% 


3350 A 


11 


45 


3350 B 


15 


54 


3350 C 


7 


3 


3336 


12 


46 


3628 


20 


34 


3441 


14 


18 



Table II 

Expression of different WAP transgene alleles within a single locus 
Expression of WAP alleles in mice of three KSB lines at day 17 of 
pregnancy (P17) and day 2 of lactation (L2) were quantitated by 
Northern blots and divided by the number of copies of the allele (per 
cell) present in the line. 









Allele 




Line 


Stage 






BND 


KH 


SSM 








cpm/copy 








2° 


8 


2 


3336 


P17 


84 


184 


154 




L2 


188 


349 


308 






1 


5 


8 


3441 


P17 


42 


172 


124 




L2 


30 


246 


256 




L2 


ND 6 


88 


93 






1 


10 


9 


3628 


P17 


ND 


86 


99 




L2 


ND 


313 


332 




L2 


ND 


534 


510 



" Indicates copy number. 
* ND, not determined. 



by Southern analysis (data not shown), was also expressed at 
significantly lower levels than the SSM and BN alleles. Taken 
together the results suggest that most of the WAP transgenes 
within a transgene locus were expressed and that the level of 
expression among them was similar. Nevertheless, consist- 
ently lower expression of KH transcripts in different lines 
may indicate that the tfmdIII linker did interfere quantita- 
tively with expression of the transgene. 

Regulation of WAP Transgene Alleles during Development— 
RNA prepared from the mammary glands of female transgenic 
mice at various stages of development, from virgin through 
pregnancy and lactation, was analyzed on replicate Northern 
blots for either the endogenous WAP mRNA or transcripts 
from the different WAP transgene alleles. The endogenous 
gene was induced between 13 and 17 days of pregnancy and 
expression peaked around mid-lactation (Figs. 2 and 3). How- 
ever, the expression of WAP transgenes differed qualitatively 
and quantitatively from the endogenous gene (Fig. 2). The 
developmental patterns obtained with lines 3350B and 3336 
illustrate two general aspects of WAP transgene expression. 
First, although the absolute levels of transgene expression 
differed between lines of mice, the patterns of induction 
during pregnancy were similar. Transgenic WAP mRNA was 
detected at day 13 of pregnancy, preceding induction of the 

3350 B 

V P10 P13 P17 L2 L14 L21 




3336 

V P10 P13 P17 L2 L14 L21 




FlG. 2. Analysis of endogenous and transgenic WAP RNA 
during mammary development. Ten Mg of total RNA prepared 
from the mammarv glands of virgin mice ( V) and at various days 
during pregnancy (P) and lactation (L) were analyzed on replicate 
Northern blots. Filters were hybridized with oligonucleotides specific 
for either the transgenic or wild-type ( WT) WAP mRNAs, 
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Une3350A 



Une 3350B 



Line 3336 



Fig. 3, Developmental patterns of 
WAP transgene expression in five 
lines of mice. Levels of endogenous 
(dotted bars) and transgenic (solid bars) 
WAP RNAs during mammary develop- 
ment were quantitated by scintillation 
counting the respective bands from 
Northern blots (see Fig. 2). RNA sam- 
ples from lines 3350 C and 3441 con- 
tained poly(A*)-enriched RNA equiva- 
lent to 100 Mg of total RNA. A direct 
comparison between the level of endog- 
enous and allele-specific WAP mRNAs 
within one line was made possible by 
correcting for the different hybridization 
efficiencies of oligonucleotides using 
synthetic RNA standards (see "Mate- 
rials and Methods"). A, line 3350A; B, 
line 3350B: C, line 3336; D, line 3350C; 
£, line 3441. Counts/min are shown on 
the ordinate, and the developmental time 
points are shown on the abssissa. P refers 
to the respective number of days of preg- 
nancy and L to the number of days into 
the lactational period. 
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Table III 

Expression of the WAP transgenes relative to the endogenous WAP 
gene during mammary development 
The level of expression of the WAP transgenes at various stages 
during mammary gland development was quantitated on Northern 
blots and is presented as a percentage of the endogenous WAP gene 
at that stage. 



Line 


Allele 


Expression of allele as percentage 
of endogenous WAP 


P13 


P17 


L2 


L14 L21 


3350 A 


KH 


850 


70 


45 


48 55 


3350 B 


KH 


1080 


90 


54 


40 80 


3336 


SSM 


180 


63 


34 


1 1 


3441 


BN 


24 


7 


11 


0.2 ND° 


3350 C 


KH 


17 


2 


3 


0.1 ND 



' ND, not determined. 



endogenous gene by at least 2 days. Furthermore, whereas the 
endogenous gene is induced about 1000-fold between day 13 
of pregnancy and parturition, expression of the transgenes 
during this period in all lines, except 3350 C, increased less 
than 10-fold. Second, the activities of the WAP transgenes 
during lactation differed dramatically between lines of mice. 
Expression either continued to increase approximately to the 
same extent as the endogenous gene, as seen in lines 3350 A 
and B, or expression declined as in lines 3336, 3441 and 3350 
C (Figs. 2 and 3). Presenting the concentration of transgenic 
WAP mRNA as a percentage of the endogenous mRNA 
further emphasizes the premature expression of transgenes, 
the similarities between the patterns of transgene expression 
during pregnancy, and differences during lactation (Table 
III). 

The aberrant developmental expression of the WAP trans- 
gene alleles in different lines, especially during lactation, does 
not appear to be caused by the linker insertions or by differ- 
ential expression of individual WAP genes within transgene 
loci. The three WAP gene alleles in the KSB lines 3336, 3441, 
and 3628 were integrated in a single locus, and expression 
during mammary development was coordinately regulated as 



representatively shown for line 3336 (Fig. 2). 

In Vitro Hormonal Regulation of the WAP Transgenes in 
Mammary Tissue from Pregnant Mice — To correlate the in- 
duction of the transgenes during development to hormonal 
regulation, we analyzed the expression of the WAP transgenes 
in an organ culture system. The WAP transgenes in lines 
3350B and 3336 were already active in mammary tissue from 
mice which were 13-15 days pregnant (Fig. 4). In the presence 
of insulin, hydrocortisone, and prolactin, transgene expres- 
sion in tissue from mice of lines 3350B and 3336 increased 4- 
and 2-fold, respectively (Fig. 4). Under the same conditions 
the endogenous WAP gene was induced over 30-fold. Expres- 
sion of the WAP transgenes in tissue from mid-pregnant 
animals in the presence of insulin alone was below the level 
of detection, but was maintained in the presence of insulin 
and hydrocortisone and to a lesser extent with insulin and 
prolactin (Fig. 4). The levels of transgene mRNA detected in 
explants incubated with insulin and hydrocortisone were not 
due to retention of pre-existing mRNA but arose from contin- 
uing transcription of the transgenes, since comparable levels 
endogenous WAP mRNA were not maintained under these 
conditions in organ explants from late pregnant and lactating 
animals (Fig. 5 and data not shown). 

Rehybridizations of RNA from explant cultures with a 
probe specific for the mouse /?-casein mRNA demonstrated 
that, in common with the WAP transgenes, significant levels 
of /?-casein mRNA were present at day 13 of pregnancv; 
induction in the presence of insulin, hydrocortisone, and 
prolactin (IFP) was only about 4-fold (Fig. 4). However, 
whereas expression of the WAP transgene appears to be more 
dependent on hydrocortisone than prolactin, the reverse is 
true for the /?-casein gene (Fig. 4). Furthermore, the similarity 
between the jtf-casein blots from different explant experiments 
indicated that the response of the transgenes in different lines 
of mice can be compared directly. 

In Vitro Hormonal Regulation of the WAP Transgenes in 
Mammary Tissue from Lactating Mice— The decline in 
expression of WAP transgenes during lactation in lines 3336, 
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Fig. 4. Hormonal regulation of WAP transgenes in mam- 
mary tissue from mid-pregnant mice. Mammary explants were 
prepared from 13 to 15 day pregnant mice and RNA was extracted at 
the time of preparation (To) or after 48 h in culture in the presence 
of insulin (/), insulin and hydrocortisone (IF), insulin and prolactin 
(IP), or insulin, hydrocortisone, and prolactin (IFP). Northern blots 
earn ing 5 Mg of total RNA/lane were hybridized with oligonucleotides 
specific for either WAP alleles (upper panel) or mouse /2-casein (lower 
panel). 

3441, and 3350 C raised the question whether expression of 
the transgenes was generally repressed or had lost its response 
to a particular hormone. Tissue explants prepared from a fully 
lactating mouse from line 3336 were cultured under the con- 
ditions employed in the induction experiments shown in Fig. 
4. Although the level of endogenous WAP RNA decreased at 
least 100-fold under any of the hormonal conditions, levels of 
the transgenic mRNA either increased marginally in the 
presence of insulin, hydrocortisone, and prolactin (IFP) or 
remained the same with insulin and either hydrocortisone or 
prolactin (Fig. 5). Expression of keratin 18, a gene expressed 
in simple epithelial cells (18), increased during organ culture 
and was unaffected by hydrocortisone or prolactin. The over- 
all response of the transgenes to hormones in tissue from 
lactating mice from line 3336 was similar to that obtained 
with tissue from pregnant mice. These results support the 
notion that the decrease in expression of the WAP transgenes 
during lactation in line 3336, and presumably also in lines 
3441 and 3350 C, was due to a lack of sensitivity to the 
regulatory factors responsible for WAP gene induction during 
lactation.The transgenic WAP mRNA present during lacta- 
tion in these lines probably reflects a basal level of transcrip- 
tion. A similar result was obtained in vivo with mammary 
tissue from mice of line 3336 where, after 3 days of weaning, 
levels of the endogenous WAP mRNA decreased about 100- 
fold and expression of transgenic WAP mRNA remained 
constant (data not shown). 

DISCUSSION 

Transgenic mice provide a unique tool for studying the 
developmental regulation of genes (19-21), especially those 
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Fig. 5. Hormone-dependent expression of WAP transgenes 
in mammary tissue from lactating mice of line 3336. Mammary 
explants were prepared from a 10-day lactating 3336 mouse, and RNA 
was extracted at the time of preparation ( To) or after 48 h in culture 
in different combinations of insulin (/), hydrocortisone iF). and 
prolactin (P). Northern blots carrying 5 Mg of total RNA/lane were 
hybridized with oligonucleotides specific for either WAP alleles or a 
DNA probe generated from a mouse keratin 18 cDNA (12). 

such as the milk protein genes, which are only appreciably 
expressed in terminally differentiated cells (5, 22-24). We 
introduced a virtually unaltered 7.2-kb fragment, including 
the entire transcribed region of the mouse WAP gene, into 
mice and studied its developmental and hormonal regulation. 
The level of expression of the WAP transgene was at least an 
order of magnitude higher than several hybrid genes contain- 
ing the WAP promoter (4, 5, 13, 25, 26). However, expression 
during mammary development and upon hormonal stimula- 
tion 'in vitro differed from the endogenous WAP gene. By 
comparing the developmental patterns of expression, and 
hormonal regulation of the WAP transgenes in six lines of 
mice, novel aspects of WAP gene regulation became apparent. 

In contrast to the variation in overall patterns of transgene 
expression during mammary development, and especially dur- 
ing lactation (Fig. 3), the activity of WAP transgenes during 
raid-pregnancy in different lines of mice was similar. In all 
lines examined, expression of the WAP transgenes was de- 
tected at day 13 of pregnancy, thereby preceding the induction 
of the endogenous gene. Premature activation during preg- 
nancy has also been observed with a hybrid gene containing 
the mouse WAP gene promoter (5) and a rat WAP transgene 
(27). Furthermore, between day 13 of pregnancy and parturi- 
tion, a period in which the endogenous WAP gene was induced 
almost 1000-fold, expression of WAP transgenes in all lines 
except one increased less than 10- fold. 

Results from organ culture experiments with mammary 
tissue from pregnant mice provided an insight into the basis 
of the temporal deregulation of the WAP transgene. The 
premature expression of WAP transgenes during pregnancy 
was presumably related to the high basal activity of the 
transgene; the activity was maintained in explant cultures 
with hydrocortisone and insulin, both of which are present 
throughout pregnancy. These observations suggest that the 
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transgene lacks a repressor element, or alternatively, the 
transgene array or surrounding chromatin results in the func- 
tional loss of a repressor. Consistent early expression and 
variation in both patterns of induction during pregnancy and 
response to hormones in vitro suggest that both situations 
may operate. Whereas the 30-fold induction of the endogenous 
WAP gene in vitro required the synergistic action of insulin, 
hydrocortisone, and prolactin, expression of the transgenes 
was only marginally induced by prolactin. The small in vitro 
induction of the WAP transgenes by prolactin correlates with 
the modest increase in expression prior to parturition and is 
presumably a consequence of the prematurely elevated expres- 
sion levels in mid-pregnancy. In a manner similar to the 
response of a WAP-tPA transgene (5), prolactin was not 
necessary to maintain the level of transgenic WAP RNA in 
organ culture, but was required for continued expression of 
the endogenous WAP gene. Taken together the results are 
consistent with prolactin acting on the endogenous WAP gene 
through the release of repression, thereby facilitating access 
of the gene to regulatory factors dependent on insulin and 
hydrocortisone. In support of this model, results obtained 
with a cell culture system suggest that the mouse #-casein 
promoter is induced by hormones through the release of 
transcriptional repression. 2 

In contrast to the situation in pregnancy, expression of the 
WAP transgenes in individual lines of mice differed dramat- 
ically during lactation. In two lines expression of the WAP 
transgene approximately followed the pattern of the endoge- 
nous WAP gene. However, in three other lines of mice, in 
which the transgenes were induced during pregnancy and 
responded to hormones in organ culture, expression decreased 
in response to lactation. To obtain the same effect in three 
independent lines of mice demonstrates that loss of induction 
was not peculiar to one site of integration, but that the 
transgene lacks a regulatory element necessary to ensure 
correct expression during lactation. Gunzburg and co-workers 
(28) have also reported the down -regulation of a WAP-hGH 
transgene in transgenic mice. Although a decrease in the 
expression of a 4.3-kb rat WAP transgene during lactation 
was not reported (27), this phenomenon may not have been 
detected, because developmental studies were performed on 
only two lines of mice and at a single time point during 
lactation. Alternatively, the rat and mouse WAP genes may 
have a different arrangement of regulatory elements. 

Our results indicate that high level WAP gene expression 
during lactation is mediated by a combination of elements or 
mechanisms distinct from those operating during pregnancy. 
This is supported by the inability to maintain high levels of 
endogenous WAP RNA in tissue from lactating mice, under 
conditions sufficient to induce expression in tissue from preg- 
nant mice. Expression of keratin 18 mRNA in culture (Fig. 
5.) demonstrated that the decrease in endogenous WAP 
mRNA in vitro was not due to a general decrease in gene 
expression. Appropriate induction of WAP transgenes in two 
lines of mice (3350 A, 3350 B) during lactation indicates that 
chromatin at the sites of integration may have provided a 
positive influence which enabled the transgene to be appro- 
priately induced during lactation. A similar facilitating effect 
of flanking chromatin has been described in a deletion analy- 



sis of the locus activating region of a human adenosine de- 
aminase transgene. 3 

The coordinate developmental regulation and equivalent 
expression of different WAP transgene alleles within a single 
locus suggest that position effects are exerted on the transgene 
array as a whole and are not due local effects within the 
transgene cluster. This supports the notion that position 
effects may be mediated by some general characteristic of the 
surrounding chromatin, probably due to regulatory elements 
at some distance from the transgene array (29), and are not 
due to a local enhancer which might be expected to polarize 
expression within the transgene locus. These results demon- 
strate the feasibility of analyzing the function of mutated 
genes, relative to an unaltered control gene, by cointegration 
of transgenes in transgenic mice. 
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TRANSGENIC MICE WITH i± AND k GENES ENCODING 
ANTIPHOSPHORYLCHOLINE ANTIBODIES 



By URSULA STORB, CARL PINKERT,* BENJAMIN ARP, PETER ENGLER, 
KATHERINE GOLLAHON, JOANNA MANZ, WILLIAM BRADY, and 

RALPH L. BRINSTER* 

From the Department of Microbiology and Immunology, University of Washington, Seattle, 
Washington 98195; and the *School of Veterinary Medicine, University of Pennsylvania, 

Philadelphia, Pennsylvania 19104 

Analysis of the antibody response on the cellular and molecular level is 
complicated by the fact that B lymphocytes are an enormously heterogenous 
population with respect to the immunoglobulin genes they express. It has been 
possible to alleviate this obstacle by studying monoclonal populations of myeloma 
cells or by immortalizing individual B cells in hybridomas. However, these cells 
are generally arrested in a particular stage of differentiation and do not permit 
the study of the dynamics of cell development and interaction. The introduction 
of rearranged Ig genes into the germline of mice has been a method to study a 
monoclonal response on the level of the whole animal (1-3). Transgenic mice 
have provided a unique and powerful tool to analyze the expression of Ig genes. 
Transgenic mice are produced by microinjection of cloned genes into the male 
pronucleus of fertilized eggs, and implantation of the embryos into the uterus of 
a foster female (4). We have previously produced transgenic mice with the 
functional k gene from the myeloma MOPC-21 (1). We found that the expression 
of this- rearranged k transgene is restricted to B lymphocytes (5, 6), and that 
coexistence in a B cell of transgenic k and endogenous H chains prevents 
rearrangement of endogenous k genes (7, 8). Apparently, allelic exclusion of tc 
genes is regulated by a feedback from a complete Ig molecule, not by free L 
chains.:It was important to check these findings with another k gene that contains 
a different V^region and 5' upstream sequences. Also, the MOPC-21 k chain 
previously used cannot be secreted alone. The possibility of feedback by k chains 
that can , be 'secreted on their own needs to be evaluated. Furthermore, it has 
been reported (3, : 9) that heavy chain transgenes cause feedback inhibition of H 
ge ne rearrangement. It w ill be important to determine whether this finding can 
5e generalized by using H transgenes with a different VTegfonTBeyond simply 
establishing the fact that H genes, or their products, and H plus L chains cause 
feedback inhibition of H and k gene rearrangement, the molecular mechanism 
will have to be addressed. It appears possible that insertion of the H chain into 

This work was supported by grants CA/AI 25754, CA 35979, and HD 19488 from the National 
Institutes; of Health (Bethesda, MD) to U. Storb; by NIH grant HD 17321 to R. L. Brinster; NIH 
training grants HD 07 155? (to C Pinkert) and CM 07270 (to P. Engier); by a postdoctoral fellowship 
to K. Gollahan, awarded by the Cancer Research Institute; and by a grant from the Genetic Systems 
Corporation to J. Manz, , 
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628 ANTlPHOSPHpRYlit IN TRANSGENIC MICE 
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Figurk 1 . Maps of M 1 67 k and m transgenes (see Materials and Methods for details). Kpn I , 
Hind III, and Eco RI restriction enzyme sites are indicated. Exons are shown by thick lines. 

the surface or intracytoplasmic membranes of B cells is required for such 
feedback. We therefore wished to compare the expression of a complete \x. gene 
and of a stunted m gene lacking the membrane terminus (p. A mem), and compare 
the relative influence on endogenous H and L gene expression. The genes we 
chose to address these questions contain the V regions of the functional H and 
L genes of the myeloma MOPC-1 67. Transgenic mice were produced, which 
- -had introduced into their germline functionally rearranged V«-167-C/c genes 
and/or V H -167-C/i genes. The fi gene is either complete or it lacks the portion 
- that encodes the transmembrane sequence of \i chains. The antibodies encoded 
by these genes, react with phosphorylcholine (PC). The normal anti-PC response 
has been extensively studied by other laboratories (reviewed in 10), and these 
mice will be valuable in the analysis of the regulation of this response on the 
cellular and molecular level. . 

Materials and Methods 

Enzymes. Restriction endonucleases, ligases, etc. were obtained from New England 
Biolabs, Beverly, MAT" " 

Transgenes. /The transgenes are the functional k gene of the myeloma MOPC-1 67, 
and fi genes that were constructed from the V region of the functional a H gene of the 
myeloma MOPC-1 67 and a germline Q* region (Fig. 1). The VJ and upstream region of 
the k gene was a gift from P; Gearhart, The Johns Hopkins University, Baltimore, MD 
(1 If. It was joined at the HincMH site in the J-Ck intron to the 3' portion of the MOPC- 
21 K'gene, which we* had previously. expressed in transgenic mice (1). The Eco-Eco 5' 
portions of the H genes were obtained from the MOPC- 167 a gene (a gift of R. Perlm utter 
and L. Hood, .California, Institute_of.Xechnology, Pasadena, CA [12]) and ligated to the 
Eco-Eco 3' portion of a germline Qf gene (a gift of S. Cory and J. Adams, Walter and 

Eliza Hal l Institute for Medical Research; Victo ria, Australia). To produce the p i 67 ^ A 

mem gene, the;/* gene was cut at the Kpn I site. The ac, m, and n A mem genes were 
. inserted into the plasmid^pUG18, pUC13, and pUC19, respectively (13, 14). To produce 
transgenic micereither the total plasmid was injected (linearized by cutting with Kpn I or 
Eco RI in case of the;/rgene r pr with Sal Lirr case of the /* genes); or the inserts shown in 
Fig, 1 were excised with -Eco RI and Pvu I in the case of /c, and Sal I and Pvu I in case of 
V- the /i genes; this:leave$vS;$0 bp frpm> the pUC polylinkers and ~ 120 bp of the lac gene 
from pUC to help, in tH^identificatioa.of positive mice. The restriction sites used to 
linearize or trim the pl^micU, e^eptjqrrKpn I, are located within the pUC vectors, and 
are not shown in. Fig. L ^ ; - 

Transgenic Mice; Transgenic mice were produced as described from (C57BL/6 X 
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before after RNase 

Figure 2. RNase treatment of RNA and DNA dots. Spleen and thymus RNAs (0 4 and 2 
{?V°.j. no . * nd trans S enic Tne ar rows point to dots of pi 67-k plasmid DNA 

Hybridization with C. probe. After exposure to x-ray film (left) the filter was treated with 
RNase and reexposed (right). 

SJL)F 2 zygotes (4, 15). Positive mice were identified by dot hybridization of tail DNA with 
pUC DNA and V.-167 and/or V„-167 probes, as previously described (1). The following 
groups of transgenic mice were produced: k mice (contain only the 167-* gene); m mice 
(with the complete m gene); m A mem mice (with the membrane terminus-deleted /i gene); 
k, ti t and A mem mice (these are derived from ova coinjected with the k and complete 
M genes or the k and m A mem genes; thus, both genes are inserted at the same integration 
site); k X ix mice (derived by breeding k mice with m mice and selection of offspring positive 
for both genes; in these mice, the k and n insertion sites are in different chromosomes). 
Offspring of the other groups were produced by mating of a transgenic mouse with a 
nontransgenic C57BL/6 or (C57BL/6 X 5JL)F, hybrid mouse. We have not attempted to 
make homozygous mice with any of the transgenes. 

y K 'l67 : and Vh-167 C m and Cprobes. The plasmid pSVkl67 containsa 310 bp Eco RI- 
Hinc II insert (the leader-V, region) isolated from the cDNA clone pl67* RI (16) and 
cloned into pSP65 (Promega Biotech, Madison, WI). The plasmid pSPVH167 contains a 
189 bp Alu I, V H -167-specific fragment subcloned from ChM167<xl0.1 (12) into pSP65. 
From these plasmids, 324- and 210-bp-long fragments, respectively, were excised by Eco 
RI-BamHI y which cut inside the polylinkers. 

The C„ probe is an -400 bp Pst I fragment isolated from pAB M -l, which is specific for 
C„ exons 3 and 4 (a gift of A. Bothwell, Yale University, New Haven, CT [17]). 

The C c probe is a C, exon-specific fragment of -500 bp isolated from pES201 (18). 
The isolated fragments were Iigated with T4 DNA ligase before nick translation. 
RNA Dot Hybridization and Northern Blots. RNA -was prepared and Northern blots 
were performed with total organ RNAs as described (5). For dot hybridization, RNA was 
diluted in 15 X SSC.and 10% formaldehyde, heated to 60 °C for 15 min and applied to 
nitrocellulose filters prewashed in 15x SSC using the Schleicher and Schuell (Keene, NH) 
minifoldapparatus-Dots were washed with 15x SSC. For DNA control dots on RNA dot 
filters*- the DN As Twere denatured in 0.1 M NaOH, 2 M NaCI by boiling for 1 min; for 
application to nitrocellulose, the denatured DNAs were diluted in 1 5x SSC. 

To assure thar the RNA dot hybridizations were not due to contaminating DNA, all 
RNA prejwrationsiwere extensively digested with RNase-free DNase I (Worthington 
Biochemical Corp.,- Freehold, NJ), and all RNA dots were also hybridized in parallel with 
vect or DNA- In the case of k transgenic mice, this generally did not give a signal. However, 
often with RNA from the /* or \i A mem mice carrying transgenes with vector attached' 
some hybridization was seen with vector DNA. This was not due to DNA contamination 
(see below), but apparently represented transcripts from vector DNA. Perhaps this is due 
to the facrthatv in ease of the m and m A mem genes, very little mouse DNA was present 
downstream: of the..poly(AX addition . sites (in contrast to the k gene); RNA polymerase 
seems, tq.continue transcribing for; a certain distance into the flanking vector sequences. 
The lim^have.not been .defined. Finally, RNA dots were treated with RNase after 
hybridization; This eliminated RNA signals, but left DNA signals on the same filters intact 
2). Fortreatment with RNase, the dot filters were soaked in 0.2X SSC for 5 min at 
37°C Then pancreatic RNase was added to 10 fig/ml, and the incubation at 37°C was 
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continued for 30 min. The filters were extensively washed in 0.2x SSC, 0.1% SDS* I in \\ 
EDTA at 65 °C before reexposure.to x-ray film. 

DNA Quantitative Slot Hybridization. DNA was denatured as above, diluted in L r >x 
SSC, applied to nitrocellulose using a Schleicher and Schucll slot blotter, and hybridized 
with C, or C M probes without vector in probe excess. Relative quantities of DNA wore 
determined by scanning the slot hybridizations with a Helena Quick Scan (Helena 
Laboratories, Beaumont, TX). DNA from normal mice was included, and their C, and C M 
signals represented two copies per genome. 

Transfection of DNA. The u and u A mem genes with their vectors were cot ransfected 
together with the pSV2-gpt gene (19) into J558L myeloma ceils (20) by electroporation 

Immunofluorescence; Thymuses were removed from the transgenic mice or normal 
littermate mice. A small piece was cut from the thymus for preparation of single-cell 
suspensions. The majority of the thymus was used for preparation of RNA. Each small 
thymus piece was gently rubbed over a 60-gauge stainless steel mesh. The cells were 
washed once in PBS plus 1 % BSA (Sigma Chemical Corp., St. Louis, MO) and resuspended 
in PBS-BSA at a concentration of 10* cells/ml. The cells were then spun into ethanoi- 
cleaned glass microscope slides 10 5 cells/slides, with a Shandon Southern Instruments, 
Inc. Cytospin (Sewickley, PA). The air-dried slides were fixed for 20 min at -20°C in 
95% ethanol/5% acetic acid, then put through three 10-min washes of PBS. The antisera, 
tetramethylrhodamine isothyocyanate-conjugated goat anti-mouse u (Cappel Laborato- 
ries, Cochranville, PA) and tetramethylrhodamine isothyocyanate-conjugated goat anti- 
mouse k (Southern Biotechnology Associates Inc., Birmingham, AL), were diluted 1:200 
in PBS-BSA and added directly to the fixed cells. The slides were incubated for 30 min 
at 37°C in a humidified chamber, then washed three times, once in PBS, once in PBS- 
BSA, and a final time in PBS. The cells were covered with PBS-glycerol and viewed with 
a Zeiss fluorescence microscope with transmitted light, a dark field condenser, and a 200 
W high-pressure mercury bulb equipped with KP-546 and KP-500 excitation filters 
coupled to appropriate barriers to detect the fluorescence of rhodamine. The photographs 
were taken on Kodak Ektachrome daylight slide film, ASA 400. 

Results 

Transgene Copy Number, The number of DNA molecules integrated in the 
transgenic mice varied between 1 and 87 (Table I). Most often the multiple 
copies were inserted at a single.site, i.e., all positive offspring had the same copy 
number as the parent. In several cases, however, two integration sites were found 
that segregated in the offspring (indicated by A and B offspring in Table I; see 
also 1201 vs. 1202 and 1205 in Fig. 3). Transgenic mice that had been coinjected 
with fx (or u A mem): and k. genes had. similar copy numbers of both genes 
integrated (one exception^ 17-7 A , has only a and no k genes) (Table I). 

There was no good, correlation between the transgene copy number and the 
level of RNA (Table T)£[This finding had also been made with MOPC-21 k 
transgenic mice (5). It indifferent from the relatively good correlation found in 
B ce lls transfecited with if "genes (22). „. 

Tissue-specific Expressw^f Ttdnsgenes. We had previously (5) found that, in 
mice , with a> transgeneifromAthe myeloma MOPC-21, only B lymphocytes 
expressed the transgenic^ RNA. The question of tissue specificity was analyzed 
with many of the transgenic mice presented in this paper, examples of which are 
shown in Fig; 4. Liver; kidney, and heart do not contain transgenic kot u RNAs 
beyond a lowjevel expected frojn.B cell contamination. Thus we have not found 
evidence for expression in heart, as was, found by Grosschedl et al. (2). Almost 
all the mice express the : /i and/or k transgenes at a high level in spleen RNA 
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Table I 

O^'l KM Qt/an/tM^onj o/Som* o/*A* MOPC-167 Transgenic Mice 
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The mice shown contain the transgenes with the complete pUC vectors (see Fig. 1), except the k 
vector del, the p. vector del, and the m A mem groups, which contained only -150 bp of the vector 
(see Materials and Methods), 

* Transgene copy number was determined by quantitative slot hybridization (see Fig. 3) on tail DNA 
of offspring from the original set of transgenic mice. A and B represent offspring with different 
copy numbers indicating that the parent had two independently segregating transgene. insertion 
sites./. 

* Quantities of spleen 167* or 167/t RNA expressed as multiples of the levels in nontransgenic 
control mice. These determinations were made on the spleen RNA of the original transgenic mice, 
except in two offspring of mouse 254-3 (§). 

1 Because the presence of two adjacent, strongly hybridizing dots obscures the interpretation of the 
autoradiography the * level for mouse 231-8 may actually be above normal. 



632 ANTIPHOSPHORYLCHOLINE GENE EXPRESSION IN TRANSGENIC Mic£" 



1463*1 
1464-1 
1201-1 
1202 
1205- 
1380-1 
138H 
1335 ' 
1256 
1241 
1227^ 
1229 
1231- 
11877 
1189-1 

N 

N 

Figure 3. Quantitative slot hybridization of tail DNA samples. Shown are the DNAs from 
15 offspring of km or km ^ mem transgenic mice produced by coinjection of the 167-k and 
1 67-/1 or m A mem genes, -and of two nontransgenic (N) mice. Offspring from the same 
transgenic parent mated with a nontransgenic mouse are bracketed; from top to bottom the 
following transgenic lines are shown: 217-4, 216-1, 217-6, 217-1, 216-7, 207-4, 212-3, 212-2. 
The blots were hybridized with probes for C„ (m) or C, (k), as indicated. 

(Table I). In nontransgenic Httermates, no or very low amounts of the V>167- 
and V H -167-positive RNAs are found in the spleen (N in Figs. 4, 5, and 7). In 
the thymuses of mice carying km, k X or up A mem transgenes, RNA.with. 
Vh-167 sequence is found at about one-fifth to one-half the level of V H -167 
RNA in the spleen (Figs: 4 and 5, and data not shown). This confirms, with a 
different V H gene, the finding of Grosschedl et al. (2) that rearranged \i trans- 
genes are expressed in -T cells.. Interestingly, in mice that carry both \l and k 
transgenes,. only \l, and not k transcripts are seen in thymus (Fig. 4, k X /i, and 
data not shown). 

k transgenes are generally not expressed in the thymus, both in the case of the 
micecarrying the MOPC-21 yc transgene previously analyzed (5), and in the k- 
1 67^mu:eVjreported here . JRoweverj the two k mouse lines shown in Figr 4 
consistentlyfjiad significant .quantities of k transgenic RNA in the thymus. 
Reduaion^pLplasma^c^lJs thymus cell preparations by anti-la 

serum* jm^ eliminate the k RNA. (data not shown). No k 

protein co^ shown). These mice had 

a 58- ■OTdjj 7-fold^ k- 167 RNA in spleen, compared with normal 

mi^j^aWX ?3^£a^^3^). : It appears possible that the k~ RNA. in the 
thymus is entirely due to B cells. However, we have not ruled out the possibility 
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Figure 4. RNA dots of mouse organs. Each RNA was dotted as 2 and 10 Mg for the V. and 
V H hybridizations, and 0.5 and 2.5 ng for the C, and C„ hybridizations. L, liver; AT, kidney; S t 
spleen; 7\ thymus; H, heart. On the left side, from top to bottom, the mice are indicated: *• 
233-8-3 and 233-4-2 are offspring of transgenic mice with the <t-167 gene without vector; k x 
m: an offspring from a mating between k transgenic mouse 189-4 and p. transgenic mouse 199- 
9, the complete vector is present in these transgenes; N: nontransgenic littermate of the k X M 
mouse. V„ C„ V H , and indicate the hybridization probes. 

that the k transgenes are actually.: expressed in T cells of these mouse lines, 
perhaps as a result of the relatively high copy number (13 and 41 copies) or 
chromosomal position. In the case of T cells transfected in vitro with k genes, 
5% of the transfectants expressed k (22). 

k and fx RNAs in Spleens of x and/or: n Transgenic Mice. In mice that carry both 
the 167-K: and fi or ji A mem transgenes, there is generally a good correlation 
between the relative levels of H and k RNAs with the V167-H or k sequences 
(Fig. 5). In most cases, the levels of transgenic H RNA are somewhat higher than 
those of transgenic k RNA. This is not an artifact of the specific activities of the 
hybridization probes; in fact, the signal with the V c -167 probe is higher than the 
Vh-167 signal when the probes are hybridized with equal amounts of the 
respective plasmid DNAs on the same blot (Fig. 5, bottom). 

In two of the mice, the L67-k RN A levels were almost as low as in normal mice 
(fourth and sixth columns in the k m and k p A mem mice of Fig. 5, respectively). 
Both these mice had relatively high copy numbers (13 and 18 copies) of the k 
transgenes^ WeJaave^^ minimal-* transgene- expression. 

Both mice produced normal levels of total k RNA in the spleen (not shown). 

In general, there is a, wide variation in the expression of k and/or ^ RNA 
between individual mice. -This does not seem to be related to the gene copy 
number (Table I)..If this variability were dependent upon the insertion site of 
the transgenes, offspring of high expressors should also be high expressors, and 
vice versa with lowexpressors. In one particular strain of MOPC-167 x-transgenic 
mice, we found High. expression over two generations, but low expression in the 
second offspring generation (R. L. O'Brien and U. Storb, unpublished data). 
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Figure 5~ RNA dots of spleen and thymus. In each row the top dot is 5 jig. the bottom dot 
25 /ig of total RNA. Each group of transgenic mice is indicated on the top of the panels: «m» 
eggs coinjected with the *-167 and p-\6T genes with the vector (212-5, 212-3, 212-2, 210-4, 
210-3, and 207-4); tcp A mem, eggs coinjected with the <-167 and jt-167 A mem genes with 
the vector (217-7, 217-6, 217-4, 217-1, 216-7, 216-2, and 216-1); *,.-eggs injected with the k- 
167 gene without the vector (third panel) (234-4, 234-3, 233-8; 233-4, 231-8, and 229-1) or 

. with the vector (fourth panel) (189-4); m» eggs injected with the n 167. gene with the vector 
(200-6 and. 200-3). iV, spleen of normal littermates of mice in the same panel, except in the 
fourth panel where N is (SJL X C57BL/6)F! spleen. The three-top panels show spleen RNA, 
the fourth panel shows thymus (T) and spleen (S) RNAs. The probes were V.-167 or V H -167, 
as indicated. The probes were excised from the. vector and contain essentially no vector DNA, 
as shown on DNA dots (bottom): pl67-*c and pl67-/i are dots of the plasmid DNAs, including . 
the vector. - 

Thus, perjiaps the environmental levels of PC vary in our mouse colony (see.- 
Discussioh)x:The variability in RNA levels will be further investigated. 
•.Immunoglobulin Protein in T Cells, Thymocytes from a mouse carrying the; 
167-M and ; l67-K transgenes were analyzed for \i arid k proteins by immunofluo-7 
Te5cenc^(Fr^6^ thymocytes-eontained ^-(Fig- 6Z)). In^ 

normal thymus^ of the cells were m + (Fig. <5B); these appear to have 

"plasma cell mo^hology. When stained with anti-*c, only a few plasma cells, but 
riot th^thymo^cytes^pf the~/c ^-transgenic mouse were stained (Fig. 6F), The 
cells are indeed ^-lymphocytes, because 98% of the thymocytes were Thy- l.t. 
(riot shown^ the same k m mouse. were also stained for surface/ 

immunofluprescen^^ and analyzed by : FACS- (not shown). The ! 

thymocyteslwere found to be negative for surface-bound immunoglobulin. 
- This particular kji mouse (207-4);had very high levels of k and m RNAs in the; 
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Figure 6. Immunofluorescence of thymocytes. Thymocytes of normal (A and 3), and *m 
transgenic mice (C-F) (207-4) were stained with rhodamine-conjugated anti~/i (4-0) or ami-it 
(E and F) and photographed in darkfield (A, C, and £) or fluorescence microscopy (B, £>, and 



spleen (Fig. 5, k jjl column i 6), and of m RNA in the thymus (not shown). The 
thymuses r of two other k mice (212-2 and, 212-3) were also analyzed for 
cytoplasmic immunofluorescence and, found to be weakly positive for ^ protein 
in a hig h prop ort ion of the thy moc ytes ( not shown). 



Influence . of Transgenes jm Expression of Endogenous MOPC-1674ike Genes. 
Several of the mice; that carry only k-167 transgenes show, in addition to a large 
amount of Y^-IST-RNA, also a several-fold increased level of H RNA .with the 
Vh-167 sequence^ompared with normal littermates (Fig. 5, k; Table I, k vector 
A).:This RNA is encoded by endogenous H genes. There may be some correlation 
between : the .amqun^Qf ; trarfsgenic ; *- 1 67 and endogenous H-JJ57 ;RNA, since 
only the mice with^yery high levels of #c-167 RNA/show an increase of H-167 
RNA. However f .some ; mice with very high levels of k-167 do not have high levels 
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Figure 7. RNA dots of spleen from different m transgenic mice. The dots contain 2 and 10 
Mg RNA for the V H and V, probes, and 0.5 and 2.5 Mg for the C, probe. Mice from which the 
spleen RNAs were obtained are indicated on the top. N, nontransgenic littermate of the 
mem mice; 2-4 are 250-1, 250-2, and 254-3; 5-7 are 243-4, 243-2, and 200-3. The hybridi- 
zation DNA probes are indicated on the right side. 

of H-167 RNA (Fig. 4 k mice; Fig. 5, third panel, k, column 7; Table I mouse 
234-4). 1 

Likewise, mice with the complete 167-m gene show relatively high levels of 
167-ic''RNA in the spleen (Figs. 5 and 7, /*)• Of five total mice with the 167-m 
transgene, all had increased expression of endogenous 167-*c-like genes. In 
... -contrast,: no mice (n = 5) with the 167 m A mem gene showed an increased 
amount of 167-k RNA (Fig. 7 shows three of these; see also Table I), despite 
-high^evels of 167-H RNA and total k RNA (probed with C,)- These results are 
..significant with respect to B cell triggering (see Discussion). 

: Types of 167 Heavy Chain RNAs. .Northern blots of spleen RNA probed with 
Vh-167 confirmed that normal mice (Fig. 8, N) do not produce detectable levels 
of VH-167-€6ritaining RNA (Fig. 8 A). As controls, the two \i genes were trans- 
fectedinto the myeloma J5 58 L, and only the secreted form of the 167-m mRNA 
was sedni iyen with the complete \l gene (Fig. 8 C). This reflects RNA processing 

- in favor of the secreted form in the plasma cell stage. However, transgenic mice 
_ " JwithTthe^complete \i gene show both the membrane and the secreted form of 

167-m RNA in spleen and thymus (Fig. 8, A and C). In the spleen, the secreted 
_ form is predominant, probably indicating that the majority of the 167-m RNA is 
■ derived from plasma cells. In the thymus, an equal or greater amount of the V H - 
~ : ^T.67 -RNA is in the membrane form. Thus, T cells appear to process m RNA like 
— pre-B and early" B lymphocytes, with both polyadenylation sites of \i being used. 
^ji^WAdo-hoi kriovv how these steady-state levels of p. RNA in the transgenic thymus 
7 ^re:qnf|u enced,by differential stabilities versus transcription rates. Besides the 
^"Befinedrte secreted and membrane 167-m RNA (Fig. 8, A and C) two 

are seen when Northern blots of thymus RNA are 
'"'7 ^otedwth,C M (Fig. 85). These incomplete transcripts do not contain V H -167 
sequences (compare, in Fig. 8, A with B). They are very prominent in the thymus 
— of ^miee-with:<>F T without transgenes (Fig. 8 jB and other data not shown). In 
spleens of mice with or without a /^transgene, only the incomplete m RNA of the 
-highCT/jnolecu^^^^ is observed; (Fig. 8 B, and not shown). These short 
^transcripts in spleen and. thymus probably represent RNA transcripts from DJ 
r rearrangements of endogenous H genes (23, 24). 

- " ^ Mice . with the /t Amem transgene have only the secreted form of the V H -167- 
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Figure 8. Northern blots. Spleen (S) and thymus (7) RNAs from transgenic and normal (N) 
mice; the transgenic mice contained the pl67-M gene (fi) (200-3, 200-6, and 207-4) the pl67- 
M A mem gene ( M A mem) (217-6), or the pl67-«(K) gene (233-4); RNA from the myeloma 
MOPC 167 (167/my); and RNAs from the myeloma J 558L transfected with the pI67|i and 
pi 67m mem gene (m, $i& mem/Transf.). A and B are the same blots (20 fig RNA each lane) 
hybridized in A with the Vh-167 probe, and after decay of the signal, rehybridized with Q,. C, 
30 fig RNA for S and T, 10 fig for the rest, hybridized with Vh-167: 'Mm and sec: membrane 
(2.7 kb) and secreted (2.4 kb) forms of n mRNA. a, marker for 1.9 kb size of secreted form 
of a and y mRNAs. Arrow indicates high-mol-wt form in spleen RNA of two different pi 67 
fiA mem transgenic mice. Asterisk indicates incomplete ft transcripts.- - 

M RNA in their spleen, as expected (Fig. 8, A and C). In two cases, the spleen 
RNAs contain a large transcript of -3 kb in addition to the secreted form (Fig. 
8, A and C). This is -300 nucleotides larger than the membrane form. Interest- 
ingly, this transcript does not contain C„ sequences (Fig. 8'B)'jWe have not yet 
investigated the origin of the long transcripts. Perhaps transcription into flanking 
sequences and aberrant splicing is involved. 

The endogenous 167-m RNA produced in the spleen of mice with the 167-k 
transgene did not contain any detectable membrane form (Fig. 8, A and C /c/S). 
In addition to the secreted \i form, one of the k mice also contained a detectable 
amount of V H -167 + RNA of the size of secreted y or a RNA (Fig. 8C). 

Discussion 

The MOPC- 167 \l and k genes are expressed at high levels in the transgenic 
mice reported here. This study represents the first attempt at expressing a \i 
gene with deleted membrane terminus, either in cell transfection or when 
propagated through the germline of mice. 1 1 clearly~shows"tharthe f egion just 
5',"; within, and 3' of the membrane terminus is not required for correct 
expression and processing of secreted This is apparently in contrast to the C, 
gene, where we have" preliminary evidence that a region 6 kb~3' of C, is required 
for high expression in transgenic mice (U. Storb, C. Pinkert, R. Brinster, and S. 
L. McKnight> unpublished). 

The ji and k transgenes are generally transcribed in a tissue-specific fashion. 
However, the transgenes are expressed in thymus, where normally correctly 
rearranged m genes do not exist. Thus, T cells seem to have the capacity to 
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activate ^ genes sufficiently for transcription, but theyieerri to lack the ability to ; 
correctly rearrange Ig genes. The V H 1 67<ontaining transcripts in the transgenic 
thymuses are of normal length for secreted and membrane ^-encoding mRNAs, 
The mRNAs are apparently stable and translated into stable jti protein, which 
can be visualized in thymocyte cytoplasm. The m protein cannot be detected on 
the cell surface by immunofluorescence, and one may conclude that m does not 
associate with the a or 0 chain of the T cell receptor, or at least not in a way that 
allows binding of anti-Qi antibodies. Only ~60% of the thymocytes showed 
intracytoplasmic m protein (Fig. 6D). In normal thymus, -50-70% of the thy- 
mocytes have T cell receptor protein on the surface (25). It is reasonable to 
postulate that these same cells would express m genes, although we have not 
made the direct correlation. Presumably the same trans acting factors for gene 
expression that interact with T cell receptor genes can also activate fx genes. 

Most of the transgenic mice express the \i and k genes at a high rate in the 
spleen. Furthermore, most of the transgenic mice produce 10-100-fold higher 
levels of anti-PC antibodies than normal mice (C. PinkertJ. Manz, R. L. Brinster, 
and U. Storb, unpublished observations). For B cell activation to antibody 
secretion, antigen is probably required. Phosphorylcholine, the target antigen 
for MOPC-167 antibodies, is a fairly ubiquitous antigen, as it is a component of 
bacterial membranes, fungi, parasites, etc. (26, 27). The levels of anti-PC anti- 
bodies and of endogenous 167-k RNA are greatly increased in transgenic mice 
with the complete y. gene (and conversely, endogenous ! 67-^ RNA in k mice). 
Apparently, B cells that express the 167-/x gene and at the same time happen to 
express an endogenous 167-k transgene are triggered and expanded at a much 
higher rate than B cells that express other endogenous k genes. 

Mice with, the p A mem transgene produce high levels of mRNA encoded by 
this gene. In contrast to the mice with the complete j^gene, however, they do 
not produce an increased amount of MOPC-167-like ic RNA. This difference 
probably indicates that B cells expressing the ft A mem transgene are not activated 
by -PC. In contrast to membrane Ig, the secreted molecule lacks a hydrophobic 
carboxy terminus required for stable anchorage in the membrane. Recent work 
(28, 29) has shown that the role of membrane Ig in B cTells is to capture antigen 
for endocytosis and processing. Processed antigen is then.presented to T cells in 
association with Ta, not in association with surface Ig.rDependent on the carrier, 
PC can be a T-dependent antigen (30). It appears that, in transgenic mice with 
the /* A mem gene, B cells that produce the transgenic secreted H chain together, 
with endogenous M-167 k chains are not selected. Although secreted Ig molecules 
^are^xeleased from the cell s urface,, the y apparentl y do not dwell in the plasma 
membrane jn a way that would permit cell activation. It is curious, then, that 
mice with the m A mem transgene produce such high levels of the secreted M. 167 
'-/i RNA. The high transgenic and total endogenous /i mRNA. levels in these mice. 
(Fig. 8, A and suggest- that most B cells express the /x A mem transgenes 
together with complete endogenous membrane immunoglobulins. This would 
mean that the /i A mem gene„pr its encoded. secretory, it protein does not cause 
feedback inhibition of endogenous H and L gene jeai^rangement. As the trans- 
genic \i A mem B : cells with endogenous H and L chainf become activated by any 
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.fa large ^numben of intigens, the transgenic mRN A probably becomes amplified 

ogether with the endogenous fg mRNAs in the same cell. 

While the m A mem protein molecules would not interfere with efficient 
t riggering of B cells that express endogenous Igs, they do apparently associate 
with endogenous L chains in secreted molecules (not shown). Thus, ~50% 
scrambled (transgenic ft A mem H plus endogenous H and L) antibody molecules 
and 25% pure jx A mem H, endogenous L molecules (in addition to 25% pure 
endogenous HL molecules), would be secreted by most individual plasma cells. 
Nevertheless, the mice, now -1 yr old, appear to be healthy without special 
protection from pathogens. Apparently, the multilevel immune defense system 

ontains enough safeguards that dilution of pure antibodies by a high proportion 
of scrambled and irrelevant molecules can be tolerated. With respect to this 
plasticity of the immune system, and in relation to allelic exclusion, it will be 
interesting to determine on the cellular level how the coexpression of endogenous 
Ig genes and transgenes is controlled. 

Summary 

Transgenic mice were produced that carried in their germlines rearranged k 
and/or genes with V, and V H regions from the myeloma MOPC-167 k and H 
genes, which- encode anti-PC antibody. The /i genes contain either a complete 
gene, including the membrane terminus (fi genes), or genes in which this terminus 
is deleted and only the secreted terminus remains (/i A mem genes). The \l gene 
without membrane terminus is expressed at as high a level as the \l gene with 
the complete 3 ' end, suggesting that this terminus is not required for chromatin 
activation of the §r locus or for stability of the mRNA. The transgenes are 
expressed only in lymphoid organs. In contrast to our previous studies with 
MOPC-21 k transgenic mice, the ^ transgene is transcribed in T lymphocytes as 
well as B lymphocytes. Thymocytes from \l and kjx transgenic mice display 
elevated levels of M- 167 ft RNA and do not show elevated levels of *c RNA, even 
though higher than nomial levels of M-167 k RNA are detected in the spleen of 
these mice.: ~60% of thymocytes of \l transgenic mice produce cytoplasmic jx 
protein. However,, despite a large amount of \i RNA of the membrane form, fi 
protein cannot be detected on the surface of T cells, perhaps because it cannot 
associate with T cell receptor a or /? chains. 

Mice with the complete transgene produce not only the m transgenic mRNA 
but also considerably. increased amounts of k RNA encoded by endogenous 
MOPC-167 like Kgenes^This suggests that B cells are selected by antigen (PC) 
if "they coexpress the 71 transgene and appropriate anti-PC endogenous k genes. 
Mice 1 with-the-//r A-mei!TV:gene,-however r do not express detectable- levels of the 
endogenous MOPC-167 k mRNA. Like the complete transgene, the M-167* 
transgene also causes amplification of endogenous MOPC-167 related immuno- 
globulins^" mice with :the k transgene have increased amounts of endogenous 
MOPC-167-like \x or a or 7 in the spleen, all of the secreted form. Implications 
for the regulation of immunoglobulin gene expression and B cell triggering are 
discussed v V' ~ .-'*>" 
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1 

A genetic construct of which prote incoding DNA comprises 

1 introns and is designed for protein production in trans- 

2 " g err fc animals. 

3 This invention relates to the production of 

4 peptide-containing molecules. 
5 

6 Recombinant DNA technology has been used increasingly 

7 over the past decade for the production of commercially 

8 important biological materials. To this end, the DNA 

9 sequences encoding a variety of medically important' 

10 human proteins have been cloned. These include 

11 insulin, plasminogen activator, alptu^-antitrypsin and 

12 coagulation factors VIII and IX. At present, even with 

13 the emergent recombinant DNA techniques, these proteins 

14 are usually purified from blood and tissue, an 

15 expensive and time consuming process which may carry 

16 the risk of transmitting infectious agents such as 

17 those causing AIDS and hepatitis. 
18 

19. Although the expression of DNA sequences in bacteria to 

20 produce the desired medically important protein looks 

21 an attractive proposition, in practice the bacteria 

22 often prove unsatisfactory as hosts because in the 

23 bacterial cell foreign proteins are unstable and are 

24 not processed correctly. 
25 

26 Recognising this problem, the expression of cloned 

27 genes in mammalian tissue culture has been attempted 

28 and has in some instances proved a viable strategy . 

29 However batch fermentation of animal cells is an 
.30 expensive and technically demanding process. 

31 

32 There is therefore a need for a high yield, low cost 

,33 process for the production of biological substances 
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1 stictr as correctly modified eukaryotic polypeptides. 

2 The absence of agents that are infectious to humans 

3 would be an advantage in such a process. 
4 

5 The use of transgenic animals as hosts has been 

6 identified as a potential solution to the above 

7 problem. WO-A-8800239 discloses transgenic animals 

8 which secrete a valuable pharmaceutical protein, in 

9 this case Factor IX f into the milk of transgenic sheep. 
EP-A-0264166 also discloses the general idea of 

11 transgenic animals secreting pharmaceutical proteins 

12 into their milk, but gives no demonstration that the 

13 technique is workable. 
14 

15 Although the pioneering work disclosed in WO-A-8800239 

16 is impressive in its own right, it would be desirable 

17 for commercial purposes to improve upon the yields of 

18 proteins produced in the milk of the transgenic animal. 

19 For Factor IX, for example, expression levels in milk 

20 of at least 50 mcg/ml may be commercially highly 

21 desirable, and it is possible that for alpha^ 

22 antitrypsin higher levels of expression, such as 500 

23 mcg/ml or more may be appropriate for getting a 

24 suitably high commercial return. 
25 

26 It would also be desirable if it was possible to 

27 improve the reliability of transgenic expression, as 

28 well as the quantitative yield of expression. In other 

29 words, a reasonable proportion of the initial 

30 Generation 0 (GO) transgenic animals, or lines 

31 established from them, should express at reasonable 

32 levels. The' generality of the technique, in 

33 particular, is going to be limited if (say) only one in 
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, a hundred animals or lines express. This is 
particularly the case for large animals, for which 
wi^ Le techniques currently available, much time and 
lent can he expended to produce only a small number of 



2 
3 
4 

5 GO animals. 
6 
7 
8 



Early work with transgenic animals, « represented by 
^A-Jo02» has used genetic constructs based on cDHX 
, coding for th. protein or interest. 
10 smaller than the natural gene, assumxn, J*° 
U natural gen. ha. introns, and for that reason « more 
12 easy to manipulate. 

" Brinster et al 85 836-840 (1988,) have 

demonstrated that introns increase the 
efficiency of transgenes in transgenic mice. Brinster 
! shol that all the exons and introns of a natural 
18 gene are important both for efficient and for reliable 
9 1 S to say, both the levels of the 



15 
16 
17 



19 expression (that is to say, both the levels or ™ 
Session and the proportion of expressing animals) 
Ina is due to the presence of the natural mtrons in 
that gene. It is Known that in some cases this is not 
attributable to the presence of tissue-specific 
regulatory sequences in introns, because the *>»~ 
is^bierved when the expression of a gene is greeted 
by a heterologous promoter to a tissue in 
not normally expressed. Brinster et al say that the 
effect is peculiar to transgenic animals and is not 
seen in cell lines* 

It might therefore be expected that the way to solve 
the problems of yield and reliability of expression 
would be simply to follow the teaching of Brinster et 
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22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 
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1 To illustrate this problem, alpha^antitrypsin, Factor 

2 IX and Factor VIII will briefly be considered. Alpha^- 

3 antitrypsin (AAT) comprises 394 amino acids as a mature 

4 peptide. It is initially expressed as a 418 amino acid 

5 pre-protein. The mRNA coding for the pre-protein is 

6 1.4 kb long, and this corresponds approximately to the 

7 length of the cDNA coding for AAT used in the present 

8 application (approximately 1.3 kb) . The . structural 

9 gene (liver version, Perlino et al, The EMBO Journal 

10 Volume 6 p. 2767-2771 (1987)) coding for AAT contains 4 

11 introns and is 10.2 kb long. 
12 

13 Factor IX (FIX) is initially expressed as a 415 amino 

14 acid preprotein. The mRNA is 2.8 kb long, and the cDNA 

15 that was used in WO-A-8800239 to build FIX constructs 

16 was 1.57 kb long. The structural gene is approximately 

17 34 kb long and comprises 7 introns. 
18 

19 Factor VIII (FVIII) is expressed. as a 2,351 amino acid* 

20 preprotein, which is trimmed to a mature protein of 

21 2,332 amino acids. The mRNA is 9.0 kb in length, 

22 whereas the structural gene is 185 kb long. 
23 

24 It would therefore be desirable to improve upon the 

25 yields and reliability of transgenic techniques 
2 6 obtained when using constructs based on cDNA , but 

27 without running into the size difficulties associated 

28 with the natural gene together with all its introns. 
29 

30 It has now been discovered that high yields can be 

31 obtained using constructs comprising some but not all, 

32 of the naturally occurring introns in a gene. 
33 
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1 According to a first aspect of the present invention, 

2 there is provided a genetic construct comprising a 5' 

3 flanking sequence from a mammalian milk protein gene 

4 and DNA coding for a heterologous protein other than 

5 the milk protein, wherein the protein-coding DNA 

6 comprises at least one, but not all, of the introns 

7 naturally occurring in a gene coding for the 

8 heterologous protein and wherein the 5 ' -flanking 

9 sequence is sufficient to drive expression of the 
10 heterologous protein. 

11 

12 The milk protein gene may be the gene for whey acid 

13 protein, alpha-lactalbumin or a casein, but the 

14 beta-lactoglobulin gene is particularly preferred. 
15 

16 In this specification the term "intron" includes the 

17 whole of any natural intron or part thereof, 
18 

19 The construct will generally be suitable for use in 

20 expressing the heterologous protein in a transgenic 

21 animal. Expression may take place in a secretory gland 

22 such as the salivary gland or the mammary gland. The 

23 mammary gland is preferred. 
24 

25 The species of animals selected for expression is not 

26 particularly critical, and will be selected by those 

27 skilled in the art to be suitable for their needs. 

28 Clearly, if secretion in the mammary gland is the 

29 primary goal, as is the case with preferred embodiments 

30 of the invention, it is essential to use mammals. 

31 Suitable laboratory mammals for experimental ease of 

32 manipulation include mice and rats. Larger yields may 

33 be had from domestic farm animals such as cows, pigs, 
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1 goa^s and sheep. Intermediate between laboratory 

2 animals and farm animals are such animals as rabbits, 

3 which could be suitable producer animals for certain 

4 proteins . 
5 

6 The 5 ' flanking sequence will generally include the 

7 milk protein, e.g. beta-lactoglobul in (BLG), 

8 transcription start site. For BLG it is preferred that 

9 about 800 base pairs (for example 799 base pairs) 

10 upstream of the BLG transcription start site be 

11 included. In particularly preferred embodiments, at 

12 least 4.2 kilobase pairs upstream be included. 
13 

14 The DNA coding for the protein other than BLG ("the 

15 heterologous protein") may code for any desired protein 

16 of interest. One particularly preferred category of 

17 proteins of interest are plasma proteins. Important 

18 plasma proteins include serine protease inhibitors, 

19 * which ,is to say members of the SERPIN family. . An 

20 example of such a protein is alpha^antitrypsin. Other 

21 serine protease inhibitors may also be coded for. 

22 Other plasma proteins apart from serine protease 

23 inhibitors include the blood factors, particularly 

24 Factor VIII and Factor IX. 
25 

26 Proteins of interest also include proteins having a 

27 degree of homology (for example at least 90%) with the 

28 plasma proteins described above. Examples include 

29 oxidation-resistant mutants and other analogues of 

30 serine protease inhibitors such as AAT. These 

31 analogues include novel protease inhibitors produced by 

32 modification of ' the active site of alpha^ antitrypsin. 

33 For example, if the Met-358 of AAT is modified to Val, 
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1 this replacement of an oxidation-sensitive residue at 

2 the active centre with an inert valine renders the 

3 molecule resistant to oxidative inactivation. 

4 Alternatively , if the Met-358 residue is modified to 

5 Arg, the molecule no longer inhibits elastase, but is 

6 an efficient heparin-independent thrombin inhibitor 

7 (that is to say f it now functions like anti-thrombin 

8 III) . 
9 

10 The protein-coding DNA has a partial complement of 

11 natural introns or parts thereof. It is preferred in 

12 some embodiments that all but one be present. For 

13 example, the first intron may be missing but it is also 

14 possible that other introns may be missing. In other 

15 embodiments of the invention, more than one is missing, 

16 but there must be at least one intron present in the 

17 protein-coding DNA. In certain embodiments it is 

18 preferred that only one intron be present. 

19 * 

20 Suitable 3 '-sequences may be present. It may not be 

21 essential for such sequences to be present, however, 

22 particularly if the protein-coding DNA of interest 

23 comprises its own polyadenylation signal sequence. 

24 However, it may be necessary or convenient in some 

25 embodiments of the invention to provide 3 '-sequences 

26 and 3 '-sequences of BLG will be those of choice. 

27 3 '-sequences are not however limited to those derived 

28 from the BLG gene. 
29 

30 Appropriate signal and/or secretory sequence (s) may be 

31 present if necessary or desirable. 
32 

33 
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1 According to a second aspect of the invention, there is 

2 provided a method for producing a substance comprising 

3 a polypeptide, the method comprising introducing a DNA 

4 construct as described above into the genome of an 

5 animal in such a way that the protein-coding DNA is 

6 expressed* in a secretory gland of the animal. 
7 

8 The animal may be a mammal, expression may take place 

9 in the mammary gland, for preference. The construct 

10 may be inserted into a female mammal, or into a male 

11 mammal from which female mammals carrying the construct 

12 as a transgene can be bred. 
13 

14 Preferred aspects of the method are as described in 

15 WO-A-8800239. 
16 

17 According to a third aspect of the invention, there is 

18 provided a vector comprising a genetic construct as 

19 described above. ■ The vector may be a plasmid, phage, 

20 cosmid or other vector type, for example derived from 

21 yeast. 
22 

23 According to a fourth aspect of the invention, there is 

24 provided a cell containing a vector as described above. 

25 The cell may be prokaryotic or eukaryotic. If 

26 prokaryotic, the cell may be bacterial, for example EN. 

27 cgljl. If eukaryotic, the cell may be a yeast cell or 

28 an insect cell. 
29 

3 0 According to a fifth aspect of the invention, there is 

31 provided a mammalian or other animal cell comprising a 

32 construct as described above. 
33 
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1 According to a sixth aspect of the invention, there is 

2 provided a transgenic mammal or other animal comprising 

3 a genetic construct as described above integrated into 

4 its genome. It is particularly preferred that the 

5 transgenic animal transmits the construct to its 

6 progeny, thereby enabling the production of at least 

7 one subsequent generation of producer animals. 
8 

9 The invention* will now be illustrated by a number of 

10 examples. The examples refer to the accompanying 

11 drawings, in which: 
12 

13 FIGURES 1 to 10 show schematically one strategy used 

14 for elaborating fusion genes comprising DNA sequence 

15 elements from ovine beta-lactoglobulin and the gene(s) 

16 of interest, in this case alpha 1 -antitrypsin, to be 

17 expressed in the mammary gland of a mammal; 
18 

19 FIGURE 1,1 shows a Northern blot giving the. results of 

20 Example 2; 
21 

22 FIGURE 12 shows an RNase protection gel, referred to in 

23 Example 2; 
24 

25 FIGURE 13 shows an Immuno blot of diluted milk samples 

26 from'transgenic and normal mice, referred to in Example 

27 2 ; 
28 

29 FIGURE 14 shows a Western blot of milk whey samples 

30 from normal and two transgenic sheep (Example 3) ; 
31 

32 FIGURE 15 shows Western blots of TCA-precipitated whey 

33 samples from normal and transgenic mice (Example 3); 
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1 FIGtJBES 16a, 16b and 17 to 20 show schematically the 

2 strategy used for elaborating a further strategy used 

3 for elaborating fusion genes comprising DNA sequence 

4 elements from ovine beta-lactoglobulin and the gene(s) 

5 of interest, in this case Factor IX, to be expressed in 

6 the mammary gland of a mammal. 
7 

8 example; a, 

9 

10 General 
11 

12 Where not specifically detailed, recombinant DNA and 

13 molecular biological procedures were after Maniatis et 

14 al ("Molecular Cloning" Cold Spring Harbor (1982)) 

15 "Recombinant DNA" Methods in Enzvmoloav Volume 68, 

16 (edited by R. Wu) , Academic Press (1979); "Recombinant 

17 DNA part B" Methods in Enzvmoloay Volume 100, (Wu, 

18 Grossman and Moldgave, Eds), Academic Press (1983); 

19 "Recombinant DNA part C" Methods in Enzvmoloav Volume 

20 101, (Wu, Grossman and Moldgave, Eds) , Academic Press 

21 (1983); and "Guide to Molecular Cloning Techniques", 

22 Methods in Enzvmoloav Volume 152 (edited by S.L. Berger 

23 & A.R. Kimmel), Academic Press (1987) . Unless 

24 specifically stated, all chemicals were purchased from 

25 BDH Chemicals Ltd, Poole, Dorset, England or the Sigma 

26 Chemical Company, Poole, Dorset, England. Unless 

27 specifically stated all DNA modifying enzymes and 

28 restriction endonucleases were purchased from BCL, 

29 Boehringer Mannheim House, Bell Lane, Lewes, East 

30 Sussex BN7 1LG, UK. 
31 

32 [Abbreviations: bp = base pairs; kb = kilobase pairs, 

33 AAT = alphal-antitrypsin; BLG = beta-lactoglobulin; 
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1 FIXT= factor IX; E. coli = Escherichia coli; dNTPs =* 

2 deoxyribonucleotide triphosphates ; restriction 

3 endonucleases are abbreviated thus e.g. BamHl; the 

4 addition of -o after a site for a restriction 

5 endonuclease e.g. P^xill-o indicates that the 

6 recognition site has been destroyed] 
7 

8 Sll. PREPARATION OF CONS TRUCTIONS 
9 

10 Elaboration of Beta-Lactoclohuli n Fusion Gen^ 
11 

12 The strategy used for elaborating fusion genes 

13 comprising DNA sequence elements from the ovine 

14 beta-lactoglobulin and the gene(s) of interest to be 

15 expressed in the mammary gland is outlined in Figures 1 

16 to 10. The approach utilises sequences derived from a 

17 lambda clone, lambdaSS-l f which contains the gene for 

18 ovine beta-lactoglobulin, and whose isolation and 

19 characterisation is outlined in International Patent 

20 Application No. WO-A-8800239 (Pharmaceutical Proteins 

21 Ltd) and by Ali & Clark (1988) Journal of Molecular 

22 Biology 199, 415-426. 
23 

24 The elaboration of seven constructs are described - 

25 AATB, AATA, BLG-BLG, AATC, AATD, FIXD, and DELTA-A2 in 

26 sections A1-A7 respectively . Construct AATB 

27 constitutes the primary example and the other 

28 constructs are included as comparative examples. 
29 

30 The nomenclature eg AATB is generally used to describe 

31 the DNA construct without its associated bacterial 

32 (plasmid) vector sequences. This form, lacking the 

33 vector sequences, corresponds to that microinjected 
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1 into_fertilised eggs and subsequently incorporated into 

2 the chromosome (s) of the embryo. 
3 

4 Al ftftTB - Construction of pm-lSBLGqAAT 
5 

6 The construct AATB is a hybrid gene which contains 

7 sequence elements from the 5 7 -flanking region of the 

8 ovine beta-lactoglobulin gene fused to sequences from 

9 the human gene for alpha^antitrypsin. The features of 

10 the AATB construct are summarised in Figure 6. The 

11 sequences from the ovine beta-lactoglobulin gene are 

12 contained in a Sai l - Sph I fragment of about 4 . 2kb 

13 which contains (by inspection) a putative 'CCAAT box' 

14 (AGCCAAGTG) [see Ali & Clark (1988) Journal of 

15 Molecular Biology 199, 415-426]. In addition there are 

16 ovine BLG sequences from this Sph I to a Pvu II site in 

17 the 5 ' -untranslated region of the BLG transcription 

18 unit. The sequence of this Sph I - Pvu II fragment is 

19 , shown in Figure 5. This latter fragment contains a 

20 putative 'TATA box' (by inspection) [see Ali & Clark 

21 (1988) Journal of Molecular Biology 199, 415-426]. The 

22 mRNA cap site / transcription start point CACTCC as 

23 determined by Sl-mapping and RNase protection assays is 

24 also contained within this fragment. Beyond the fusion 

25 ( Pvu II-O) site are found sequences from a cDNA for 

26 human alpha^antitrypsin and from the human 

27 alpha^antitrypsin gene. The sequences from the 5' 

28 fusion ( Tag I-0) site to the BamHI site 80 bp 

29 downstream, include the initiation ATG methionine codon 

30 for alpha^antitrypsin . The first nucleotide 

31 (cytosine) in the AAT sequences (CGACAATG. . . , see 

32 Figure 5) corresponds to the last nucleotide in exon'I 

33 of the AAT gene. The second nucleotide (guanosine) in 
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1 the~ AAT sequences (CjSACAATG , see Figure 5) 

2 corresponds to the first nucleotide in exon II of the 

3 AAT gene. The exclusion of intron I has been effected 

4 by using DNA from a cDNA clone pSalppg (see below) as 

5 the source of the first 80 bp of the AAT sequences in 

6 AATB (TagI-0 to BamHI) . The BamH I site corresponds to 

7 that found in exon II of the AAT gene. Beyond this 

8 BamHI site are approximately 6.5 kb of the human AAT 

9 gene including - the rest of exon II, intron II, exon 

10 111 / intron III, exon IV, intron IV, exon V and about 

11 1.5 kb of 3' -flanking sequences. Exon V contains the 

12 AAT translation termination codon (TAA) and the 

13 putative polyadenylation signal (ATTAAA) . The signal 

14 peptide for the peptide encoded by construct AATB is 

15 encoded by the AAT cDNA sequence from ATGCCGTCT to 

16 TCCCTGGCT (2 bp upstream from the BamHI site in exon 

17 II. 
18 

19 , Plasmid pSSltgSEalAT 

20 The subclone pSSltgSEalA'f was constructed as described 

21 here and briefly in Example 2 of International Patent 

22 Application No. WO-A-8800239 (Pharmaceutical Proteins 

23 Ltd) . This clone contains the cDNA sequences for human 

24 alpha x -antitrypsin inserted into the 5 '-untranslated 

25 region of the ovine beta-lactoglobulin gene. The 

26 plasmid p8alppg containing a full length cDNA encoding 

27 an M variant of alpha x -antitrypsin was procured from 

28 Professor Riccardo- Cortese, European Molecular Biology 

29 Laboratory, Meyerhofstrasse 1, D-6900 Heidelberg, 

30 Federal Republic of Germany (Ciliberto, Dente & Cortese 

31 (1985) Cell 41, 531-540) . The strategy used in the 

32 construct BLG-AAT or pSSltgXSTARG, now known as AAT A, 

33 described in International Patent Application No. 
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1 WO-A-8800239 (Pharmaceutical Proteins Ltd) required 

2 that the polyadenylation signal sequence at the 3' end 

3 of the alpha^-antitrypsin cDNA be removed. 
4 

5 The polyadenylation signal was removed in the following 

6 manner. Plasmid pSalppg DNA was digested with Pst l and 

7 the digestion products were separated by 

8 electrophoresis in a preparative 1% agarose gel 

9 containing 0.5 Mg/*1 ethidium bromide (Sigma). The 

10 relevant fragment of about 1400 bp was located by 

11 illumination with a UV lamp (Ultra-violet Products, 

12 Inc, San Gabriel, California, USA) . A piece of 

13 dialysis membrane was inserted in front of the band and 

14 the DNA fragment subsequently electrophoresed onto the 

15 membrane. The DNA was eluted from the dialysis 

16 membrane and isolated by use of an 'ElutipD' [Scleicher 

17 and Schull, Postfach 4, D-3354, Dassel, W. Germany], 

18 employing the procedure recommended by the 

19 manufacturer. /The gel purified 1400 bp Pst l fragment 

20 was digested with the Taq I, electrophoresed on a 

21 preparative 1% agarose gel as described above. The 

22 Taq I - Pst l fragment of approximately 300 bp comprising 

23 the 3 7 end of the alpha ^antitryps in cDNA including the 

24 polyadenylation signal sequence was eluted and purified 

25 using an Elutip as described above, as was the Tacr l - 

26 Jagl _f ragment of 1093 bp containing the 5' portion of 

27 the cDNA. The plasmid vector pUC8 (Pharmacia-LKB 

28 Biotechnology, Pharmacia House, Midsummer Boulevard, 

29 Central Milton Keynes, Bucks, MK9 3HP, UK) was digested 

30 with Acc I and Pst l. phenol/chloroform extracted and DNA 

31 recovered by ethanol precipitation. The 300 bp Taq I - 

32 Pst l fragment from pSalppg was ligated using T4 DNA 

33 ligase to pUC8 cut with Acc I and Pst l and the ligation 
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1 proaucts were used to transform E. coli strain DH-i 

2 (Gibco-BRL, PO Box 35, Trident House, Renfrew Road, 

3 Paisley PA3 4EF, Scotland, UK) to ampicillin 

4 resistance. Plasmid DNA was isolated from ampicillin 

5 resistant colonies. The correct recombinants were 

6 identified by the release of a fragment of 

7 approximately 300 bp on double digestion with Acc I and 

8 Pstl. The plasmid generated was called pUC8.3'at.3 . 
9 

10 Plasmid ptJC8.3'AT.3 was subjected to partial digestion 

11 with BstNT and the fragment (s) corresponding to 

12 linearised pUC8.3'AT.3 isolated from an agarose gel. 

13 There are seven JJstNI sites in pUC.3'AT.3, five in the 

14 vector and two in the region corresponding to the 

15 3 ' -untranslated sequences of alpha 1 -antitrypsin. The 

16 Bs£NI linearised and gel purified DNA was digested with 

17 Pstl which cuts in the pUC8 polylinker where it joins 

18 the 3' end of the cDNA insert. The Pst l digested DNA 

19 was . end repaired .with T4 DNA polymerase in the presence 

20 of excess dNTPs and self-ligated with T4 DNA ligase. 

21 The BstNI - Pst l fragment containing the 

22 polyadenylation signal sequence is lost by this 

23 procedure. The ligated material was used to transform 

24 E. coli strain DH-1 to ampicillin resistance. Plasmid 

25 DNA was isolated from ampicillin resistant colonies. 

26 The "correct clone was identified by restriction 

27 analysis and comparison with pUC8.3'AT.3. The correct 

28 clone was characterised by retention of single sites 

29 for BamHI and Hindlll, loss of a Pst l site, and a 

30 reduction in the size of the small PvuII fragment. The 

31 correct clone was termed pB5 . 
32 

33 
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1 Pla^smid pB5 DNA was digested with Acc I r 

2 phenol/chloroform extracted and DNA recovered by 

3 ethanol precipitation. Acc I cleaved pB5 DNA was 

4 treated with calf intestine alkaline phosphatase (BCL) . 

5 The reaction was stopped by adding EDTA to 10 

6 millimolar and heating at 65 °C for 10 minutes. The DNA 

7 was recovered after two phenol/chloroform and one 

8 chloroform extractions by precipitation with ethanol, 

9 T4 DNA ligase was used to ligate the 1093 bp Taq l - 

10 Taq l fragment described above to pB5, Acc I cleaved and 

11 phosphatased DNA and the ligation products were used to 

12 transform E. coli strain HB101 (Gibco-BRL) to 

13 ampicillin resistance. The identity of the correct 

14 clone ( pUC8alAT . 73 ) was verified by restriction 

15 analysis - presence of a 909 bp Hin fl fragment, a 1093 

16 bp Taq l fragment, and a 87 bp BairjHI fragment, 
17 

18 The alpha^antitrypsin cDNA minus its polyadenylation 

19 signal was excised from pUC8alAT.73 as a 1300 bp Acc I - 

20 Hin dlll fragment and isolated from a preparative gel. 

21 The 13 00 bp Acc I - Hindlll fragment was end-repaired 

22 with the Klenow fragment of E. coli DNA polymerase in 

23 the presence of excess dNTPs. The fragment was ligated 

24 into PyuII restricted, phosphatase treated pSSltgSE DNA 

25 (see International Patent Application No. WO-A-8800239 

26 (Pharmaceutical Proteins Ltd) to form pSSltgSEalAT 

27 after transforming E . coli DH-1 to ampicillin 

28 resistance. 
29 

30 Plasmid pIII-ISpB (see Figure 1) 

31 pSSltgSEalAT DNA was linearised by digestion with Soh l 

32 which cuts at a unique site in the plasmid in a region 

33 of DNA corresponding to the 5 ' flanking sequences of 
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1 the^eta-lactoglobulin transcription unit. The DNA was 

2 recovered after phenol/chlorof orin extractions by 

3 precipitation with ethanol. The Sph I linearised 

4 plasmid was digested with BamH I which cuts at a unique 

5 site in the plasmid in a region of DNA corresponding to 

6 the mRNA sequences of alpha^antitrypsin. The 155 bp 

7 SphI - BamH I fragment, comprising beta-lactoglobulin 

8 sequences fused to alpha 1 -antitrypsin sequences was 

9 located in a 1% agarose gel and isolated by use of an 
10 ElutipD as described above. 

11 

12 The plasmid pIII-ISpB was constructed by using T4 DNA 

13 ligase to ligate the 155 bp Sph I - BamH I fragment from 

14 subclone pSSltgSEotlAT into the plasmid vector 

15 pPolylll-I (Lathe, Vilotte & Clark, 1987, Gene 57, 

16 193-201) which had been digested with Sph I and BamH I. 

17 [The vector pPolylll-I is freely available from 

18 Dr- A, J. Clark, AFRC Institute of Animal Physiology 

19 • and Genetics Research, West Mains .Road* Edinburgh EH9 

20 3JQ, UK. ] Clones were isolated after transforming 

21 competent E« coli DH5oe cells (Gibco-BRL) to ampicillin 

22 resistance. Plasmid DNA was prepared from the 

23 ampicillin resistant colonies and screened for the 

24 desired product. pIII-ISpB was confirmed as the 

25 desired product by the retention of cleavage sites for 

26 the enzymes fiamHI and Sph I and by the addition (when 

27 compared to the vector pPolylll-I) of a cleavage site 

28 for the enzyme Stul. The StuI site is present in the 

29 155 bp Sph I - BamH I fragment isolated from 

30 pSS-ltgSEalAT. 
31 

32 Plasmid pIII-15BLGSpB (pAT2-3) (see Figure 2) 

33 pIII-ISpB DNA was digested with the Sph I and Sai l. 
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1 §£hX_ cuts at a unique site in . the plasmid in a region 

2 of DNA corresponding to the 5' flanking sequences of 

3 the beta-lactoglobulin transcription unit. This site 

4 represents the junction between the beta-lactoglobulin 

5 sequences and the plasmid vector sequences. Sai l cuts 

6 at a unique site in the plasmid in the vector 

7 polylinker sequences. The S p hl/ Sal l digested pIII-ISpB 

8 DNA was electrophoresed on a preparative 1% agarose gel 

9 as described above. The Sai l - Sph I fragment of 

10 approximately 2.2 kb was eluted and purified using an 

11 Elutip as described above. 
12 

13 The plasmid DNA pSS-ltgXS (described in International 

14 Patent Application No. WO-A-8800239 (Pharmaceutical 

15 Proteins Ltd) ) was digested with Sph I and Sai l and the 

16 DNA electrophoresed on a 0.9% agarose gel. The 

17 relevant Sai l - Sph I fragment, comprising approximately 

18 4.2 kb of DNA sequences from the 5' flanking sequences 

19 ,of the" 1 beta-lactoglobulin gene, was located . by 

20 illumination with ultra violet light and recovered by 

21 use of an Elutip as described above. 

22 

23 The plasmid pIII-15BLGSpB was constructed by using T4 

24 DNA ligase to ligate the 4.2 kb Sai l - SphI fragment 

25 described above into gel purified Sai l - Sph I digested 

26 pIII-vISpB DNA. Clones were isolated after transforming 

27 E. coli DH5a (Gibco-BRL) to ampicillin resistance. 

28 Plasmid DNA was prepared from the ampicillin resistant 

29 colonies and screened for the desired product. The 

30 correct product was verified by the presence of two 

31 BamH I sites - one in the 4.2 kb fragment containing the 

32 5' flanking sequences of beta-lactoglobulin and one in 

33 the sequences corresponding to the alpha^-antitrypsin 
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1 mRNiC Cleavage of the correct product with BamHI 

2 yields two fragments including one of approximately 

3 1.75 kb which spans the cloning junctions (see 

4 Figure 2 ) . 
5 

6 Plasmid pIII-15BLGgAAT (AATB or G7) (see Figure 3) 

7 An alpha^antitrypsin DNA clone pATp7 was procured from 

8 Dr. Gavin Kelsey, MRC Human Biochemical Genetics Unit, 

9 The Galton Laboratory, University College London, 

10 Wolf son House, 4 Stephenson Way, London NW1 2 HE, UK. 

11 This clone contains the entire alpha^antitrypsin 

12 transcription unit plus 348 bp of 5' and approximately 

13 1500 bp of 3' flanking sequences as an insert of 

14 approximately 12.3 kb in the BamH I site of a plasmid 

15 vector pUC9 ( Pharmacia- LKB Biotechnology, Pharmacia 

16 House, Midsummer Boulevard, Central Milton Keynes, 

17 Bucks, MK9 3 HP, UK) . The insert for clone pATp7 was 

18 prepared by partial BamH I and partial Bgl ll digestion 

19 • of cosmid clone aATcl (Kelsey, Poyey, Bygrave .& 

20 Lovell-Badge (1987) Genes and Development 1, 161-171). 

21 The clone pATp7 contains the gene which encodes the M^ 

22 allele, which is the most frequent at the £i locus. 

23 Most of the DNA sequence of this gene is reported by 

24 Long, Chandra, Woo, Davie & Kurachi (1984) Biochemistry 

25 23, 4828-4837. 
26 

27 Plasmid DNA from pATp7 was digested with Bam HI and 

28 electrophoresed in a 0.9% agarose gel. The relevant 

29 BamH I fragment, comprising approximately 6500bp of 

30 alpha ^- antitrypsin sequences from the BamH I site in 

31 exon II of this gene to a BamH I site in the 3/ flanking 

32 region was located and purified by use of an Elutip as 

33 described above. 
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1 The plasmid pIII-15BLGSpB (also known as AT2-3) was 

2 linearised by partial digestion with BamHI. There are 

3 two BamH I sites in this plasmid one in the sequences 

4 corresponding to the 5' flanking sequences of 

5 beta-lactoglobulin and the other in the sequences 

6 corresponding to the mRNA for alpha^antitrypsin. The 

7 latter site is the desired site for insertion of the 

8 6500 bp BamH I fragment from pATp7. The products of the 

9 partial BamH I digestion of plasmid pIII-15BLGSpB were 

10 electrophoresed in a 0.9% agarose gel. The fragment (s) 

11 corresponding to linearised pIII-15BLGSpB were located 

12 and purified using an Elutip as described above. It is 

13 expected that this fragment preparation will contain 

14 the two possible BamH I linearised molecules. BamHI 

15 linearised, gel purified DNA was dissolved in TE (10 mM 

16 Tris.HCl, 1 mM EDTA pH 8) and treated with calf 

17 intestinal phosphatase (BCL) for 3 0 minutes at 37 *C. 

18 The reaction was stopped by adding EDTA to 10 

19 ipillimolar and heading at 65 *C for 10 minutes. The DNA 

20 was recovered after two phenol/chloroform and one 

21 chloroform extractions by precipitation with ethanol. 
22 

23 The plasmid pIII-15BLGgAAT was constructed by using T4 

24 DNA ligase to ligate the 6500 bp BamHI fragment from 

25 pATp7 into BamH I linearised, gel purified and 

26 phosphatase treated pIII-15BLGSpB DNA. Clones were 

27 isolated after transforming E. coli DH-5 (Gibco-BRL) to 

28 ampicillin resistance, Plasmid DNA was purified from 

29 the ampicillin resistant colonies and screened for the 

30 desired product. The desired clones were characterised 

31 by restriction analysis and, in particular, by the 

32 presence of an Sph I fragment of approximately 1.6 kb. 

33 Plasmid DNA was prepared for one such clone (G7) and 



WO 90/05188 



PCT/GB89/01343 



22 

1 given the nomenclature pIII-15BLGgAAT (also known as 

2 AATB) ~. 
3 

4 The diagnostic 1.6kb Sph l fragment was subcloned from 

5 pIII-15BLGgAAT into the Sph l site of the M13 vector 

6 M13tgl30 (Kieny, Lathe & Lecocq (1983) Gene 26, 91-99). 

7 The DNA sequence of 180 nucleotides from the Sph l site 

8 corresponding to that in the 5' flanking region of the 

9 beta-lactoglobulin gene in a 3' direction through the 

10 fusion point of the beta-lactoglobulin and 

11 alpha^-antitrypsin sequences was determined by the 

12 chain terminator reaction using a Sequenase™ kit (USB, 

13 United States Biochemical Corporation, PO Box 22400, 

14 Cleveland, Ohio 44122, USA) according to the 

15 manufacturers instructions. The sequence of this 

16 region is given in Figure 5* 
17 

18 Preparation of DNA for microinjection (see Figure 4) 

19 The 3-lactoglobulin/osl-antitrypsin fusion gene insert 

20 was excised from pIII-15BLGgAAT as follows, 25-50 /xg 

21 aliquots of pIII-15BLGgAAT plasmid DNA were digested 

22 with Not I and the digested material electrophoresed on 

23 a 0,6% agarose gel. The larger fragment of 

24 approximately 10.5 kb was visualised under ultra-violet 

25 light and purified using an Elutip as described above, 

26 Following ethanol precipitation of the DNA eluted from 

27 the Elutip, the DNA was further purified as follows. 

28 The DNA was extracted once with phenol/ chloroform, once 

29 with chloroform and was then precipitated with ethanol 

30 twice. The DNA was washed with 70% ethanol, dried 

31 under vacuum and dissolved in TE (10 mM Tris.HCI, ImM 

32 EDTA pH 8) . All aqueous solutions used in these later 

33 stages had been filtered through a 0.22 jum filter. 
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1 Pipette tips were rinsed in filtered sterilised water 

2 prior to use. The DNA concentration of the purified 

3 insert was estimated by comparing aliguots with known 

4 amounts of bacteriophage lambda DNA on ethidium bromide 

5 stained agarose gels. The insert DNA was checked for 

6 purity by restriction mapping. 
7 

8 A2 AATA - Construction of p SSltaXSalAT 
9 

10 The construct AATA is analogous to the construct 

11 BLG-FIX or pSSltgXSFIX described in International 

12 Patent Application No. WO-A-8800239 (Pharmaceutical 

13 Proteins Ltd) . The elaboration of AATA is outlined in 

14 Example 2 of International Patent Application No. 

15 WO-A-8800239 (Pharmaceutical Proteins Ltd) as a second 

16 example of the generalised construct pSSltgXSTARG. The 

17 first stages of the construction of AATA (ie the 

18 generation of the plasmid pSSltgSEalAT) are described 

19 above in section Al^. 
20 

21 A3 BLG-BLG - Construction of pSSltaXSDELTAClaBLG (see 

22 Figures 7 and 8) 
23 

24 The construct is analogous to FIXA and AATA (generally 

25 designated as pSSltgXSTARG and specifically as BLG-FIX 

26 and BLG-AAT in patent WO-A-8800239) ie, the cDNA for 

27 ovine B-lactoglobulin has been inserted into the Pvu II 

28 site in the first exon of pSSltgXSDELTACla (see below). 

29 pSSltgXSDELTACla is a variant of pSSltgXS lacking the 

30 CI a I restriction site found in exon 3 which should 

31 cause a frameshift in the 2nd open reading frame in the 

32 expected bicistronic message of BLG-BLG and premature 

33 termination of any polypeptide being translated. It 
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1 was necessary to sabotage the 2nd open reading frame in 

2 this manner in order that the polypeptides encoded by 

3 the two open reading frames could be distinguished* In 

4 order to generate this construct a full length BLG cDNA 

5 had first to be made. 
6 

7 pUCBlacA 

8 Two complimentary 44-mer oligonucleotides , synthesised 

9 by the Oswell DNA Service f Department of Chemistry, 

10 University of Edinburgh, and containing bases 117-159 

11 of the ovine B-lactoglobulin cDNA sequence (Gaye et al . 

12 (1986) Biochimie 68 , 1097-1107) were annealed to 

13 generate Sai l and Stv l complimentary termini. The 

14 annealed oligonucleotides were then ligated using T4 

15 DNA ligase to equimolar amounts of a gel purified 457 

16 bp Sty l - Smal fragment from B-Lg 931 (Gaye et al, op 

17 cit) and gel purified pUC19 ( Pharmacia-LKB 

18 Biotechnology, Pharmacia House, Midsummer Boulevard, 

19 Central Milton Keynes r . Bucks, MK9. 3 HP, UK) which had 

20 been digested with Sai l - Sma l. After transformation 

21 of competent E. coli strain JM83 (see Messing (1979) 

22 Recombinant DNA Technical Bulletin, NIH Publication No. 

23 79-99, 2, No. 2 (1979), 43-48) the correct recombinant 

24 was determined by restriction analysis. 
25 

26 pUCBlacB 

27 pUCBlacA digested with SphI and StuI was ligated to 

28 equimolar amounts of a gel purified 163 bp SphI - Stu I 

29 fragment from pSSltgSE (described in patent 

30 WO-A-8800239) using T4 DNA ligase. After 

31 transformation of competent E. coli strain JM83 the 

32 correct recombinant was determined by restriction 

33 analysis. 
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1 pSgltgXSDELTACla 

2 After transformation of competent E . coli strain DL43 

3 (relevant phenotype dam", dcm~; also called GM119, gift 

4 of Dr. D. Leach, Department of Molecular Biology, 

5 University of Edinburgh, West Mains Road, Edinburgh 

6 EH9, UK) with the plasmid pSSltgXS plasmid DNA was 

7 isolated and digested to completion with Clal. The DNA 

8 termini were end-repaired using the Klenow fragment of 

9 E. coli DNA polymerase in the presence of excess dNTP's 

10 prior to ligation with T4 DNA ligase in the presence of 

11 ImM hexamine cobalt chloride, 25mM KCI ([to encourage 

12 self-ligation (Rusche & Howard-Flanders (1985) Nucleic 

13 Acids Research 13, 1997-2008)]). The ligation products 

14 were used to transform competent DL4 3 and Cla l 

15 deficient recombinants were confirmed by restriction 

16 analysis • 
17 

18 pSSltgSE_BLG 

19 Equimolar amounts of gel purified pSSl^tgSE, digested to, 

20 completion with Pvu II and dephosphorylated with Calf 

21 intestinal phosphatase (BCL) , were ligated to a gel 

22 purified 580 bp Pvu II - Smal fragment from pUCAlacB 

23 using T4 DNA ligase. After transformation of competent 

24 DH5a (Gibco-BRL) the correct recombinant was confirmed 

25 by restriction analysis. 
26 

27 pSE_BLG_3' 

28 Equimolar amounts of gel purified pSSltgSE_BLG digested 

29 to completion with Eco RI were ligated to 3 (-4.3-5.3) 

30 gel purified products of a partial Eco RI digestion of 

31 pSSltgXSDELTACla using T4 DNA ligase. After 

32 transformation of competent DH5a (Gibco-BRL) the 

33 correct recombinant was identified by restriction 

34 analysis. 
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1 pSSltgXSDELTAClaBLG 

2 The gel purified -3 kb SphX - Hindlll fragment from 

3 pSE_BLG_3' was ligated to eguimolar amounts of gel 

4 purified -9.6 kb Soh l-Hindlll fragment from 

5 pSSltgDELTASphXS (a derivative of pSSltgXS lacking the 

6 Sph I restriction site in the polylinker region of the 

7 vector pPolyl) using T4 DNA ligase. After 

8 transformation of competent DL43 the construct was 

9 confirmed by restriction analysis. 
10 

11 Isolation of DNA fragment for microinjection 

12 pSSltgXSDELTAClaBLG was digested to completion with 

13 Bal ll and Xbal to pSSltgXSDELTAClaBLG was digested to 

14 completion with Bal ll and Xba l to liberate the insert 

15 from the vector. The insert was recovered from an 

16 agarose gel by electroelution onto dialysis membrane 

17 (Smith (1980) Methods in Enzvmoloav 65, 371-380). 

18 After release from the membrane the DNA was 

19 phenol/ chloroform extracted, ethanol precipitated and 

20 resuspended in 100 /xl H 2 0 ready for microinjection. 
21 

22 A4 AATC - Construction of pSSIpUCXSTGA. AAT (see 

23 Figure 9) 
24 

25 This construct contains the cDNA sequences encoding 

26 human alpha-l-antitrypsin (AAT) inserted into the 

27 second exon of the ovine B-lactoglobulin (BLG) gene. 

28 The aim was to determine whether or not inserting the 

29 AAT cDNA sequences at a site distant from the BLG 

30 promoter would improve the levels of expression. As 

31 such, this construct comprises the intact first exon 

32 and first intron intron of the BLG gene. 
33 
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1 Since this construct contains two ATG codons (including 

2 the normal BLG initiating methionine) in the first BLG 

3 exon (ie before the sequences encoding AAT) an 

4 'in-frame' termination codon (TGA) was introduced at 

5 the junction point between BLG and AAT. This was 

6 thought necessary to prevent the production of a fusion 

7 protein between BLG and AAT. It will be noted that for 

8 AAT protein to be produced from the expected 

9 transcripts, reinitiation (at the natural initiating ATG 

10 of AAT) of transcription will have to take place after 

11 termination at this codon. 
12 

13 pSSltgSE.TGA 

14 Two oligonucleotides ( 5 ' CTTGTGATATCG3 ' and 

15 5 ' AATTCGATATCAC3 ' ) were synthesised by the Oswell DNA 

16 Service, Department of Chemistry, University of 

17 Edinburgh. After annealing, the oligonucleotides 

18 comprise a TGA stop codon, an Eco RV site and have 

19 cohesive ends for a Stv l and an EcoR l site, , 

20 respectively. The annealed oligonucleotides were 

21 ligated to a gel purified St y l- Eco RI fragment of about 

22 3.2 kb isolated from pSSltgSE (pSSltgSE is described in 

23 International Patent Application No. WO-A-8800239 

24 (Pharmaceutical Proteins ltd) ) . This will insert these 

25 sequences at the Styl site which comprises nucleotides 

26 20-25 of BLG-exon II and generates the plasmid 

27 pSSltgSE.TGA, in which the TGA stop codon is 'in frame' 

28 with the sequences encoding BLG. Note the sequences 3' 

29 to the BLG . Sty l site are replaced by the 

30 oligonucleotides in this step. The ligation products 

31 were used to transform E.coli strain DHSot (Gibco-BRL) 

32 to ampicillin resistance. The correct clone 

33 (pSSltgSE.TGA) was identified by restriction analysis - 
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1 retention of sites for EcoR I and Sph l and acquisition 

2 of a site for EcoR V. 
3 

4 pSSltgSpX.TGA 

5 pSSltgSE.TGA was cleaved with EcoR I and the cohesive 

6 termini were end-repaired by filling in with Klenow 

7 fragment of E> coli DNA polymerase in the presence of 

8 excess dNTPs. After end-repair the preparation was 

9 cleaved with Sphl and the insert fragment of about 

10 800 bp (now SphI->£coRi (blunt)) was isolated on a 

11 preparative gel. Plasmid pBJ7 (this patent, see below, 

12 section A4) was cleaved with Sph l and Pvu ll and the 

13 larger (about 4.3 kb) fragment isolated. Note that 

14 this fragment contains the pPolyl vector sequences. 

15 The Sphl-EcoRl (blunt) fragment excised from 

16 pSSltgSE.TGA was ligated using T4 DNA ligase to the 

17 Sphl-PEiiii fragment isolated from pBJ7 and the ligation 

18 products used to transform E. coli strain DH5a 

19 - (Gibco-BRI*) to, ampicillin resistance. The correct 

20 recombinant plasmid pSSltgSpX.TGA, which contains exon 

21 I, intron I, part exon II, oligonucleotide, part exon 5 

22 and exons 6 and 7 of the BLG gene, was identified by 

23 restriction analysis. 
24 

25 pSSlpUCXS.TGA 

26 The BLG 5' Sail - s&kT fragment of about 4.2 kb was 

27 isolated from pSSItgXS (WO-A-8800239) and ligated to 

28 equimolar amounts of the Sph l- Xba l insert from 

29 pSSltgSpX.TGA and Sall-Xbai cleaved plasmid vector 

30 pUC18 (Pharmacia-LKB Biotechnology, Pharmacia House, 

31 Midsummer Boulevard, Central Milton Keynes, Bucks, MK9 

32 3 HP, UK) . The ligation products were used to transform 

33 L coli strain DH5a (Gibco-BRL) to ampicillin 



WO 90/05188 



PCI7GB89/01343 



29 

1 resistance. The correct clone, pSSlpUCXS.TGA, was 

2 identified by restriction analysis. 
3 

4 pSSlpUCXSAAT.TGA (AATC) 

5 pSSlpUCXS.TGA contains a unique SsoRV site (derived 

6 from the oligonucleotide) inserted in the second exon 

7 which will cleave this plasmid 1 bp downstream of the 

8 'in-frame' TGA. cDNA sequences can thus be inserted 

9 into this plasmid downstream of the BLG sequences in 

10 the second exon. This is exemplified by the 

11 construction of pSSlpUCXSAAT.TGA (AATC) in which AccI - 

12 Hin dlll fragment derived from pUC8alAT.73 (this patent, 

13 see Section Al above) was inserted at the Eco RV site. 

14 Plasmid pUC8alAT.73 (described in section Al above) was 

15 digested with Acc I and Hin dlll and the resulting 

16 fragment containing the alpha 1 -antitrypsin cDNA minus 

17 its polyadenylation signal was end-repaired using 

18 Klenow fragment of E. coli DNA polymerase in the 

19 presence of excess dNTPs. This blunt ended fragment 

20 was gel purified and ligated using T4 DNA ligase to gel 

21 purified pSSlpUCXS.TGA cleaved with Eco RV and 

22 dephosphorylated to prevent recircularisation. After 

23 transformation of competent E. coli strain DH5a 

24 (Gibco-BRL) with the ligation products, the correct 

25 clone was identified by restriction enzyme analysis. 
26 

27 AS Construction of AATD (PBJ16) (see Figure 10) 

28 This construct contains the cDNA for human 

29 alpha 1 -antitrypsin flanked by BLG sequences. The 5' 

30 flanking sequences include the Sai l to Pvu II-0 BLG 

31 sequences also present in AATA and AATB. The fusion 

32 point between the BLG and AAT sequences is in the 

33 5 9 -untranslated region of the BLG first exon as is the 
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1 case in AATA, FIXA and AATB. The 3' flanking sequences 

2 comprise exons 6 and 7 of BLG and the 3 ' flanking 

3 sequences of the BLG gene as far as the xba l site. 

4 This construct contains no introns and was designed to 

5 examine whether the 5" and 3' BLG sequences described 

6 above are sufficient to direct efficient mammary 

7 specific expression of cDNAs encoding human plasma 

8 proteins as exemplified by that for AAT. 
9 

10 Plasmid pSSltgSpX 

11 The gel purified SshX - Xb&I restriction fragment of 

12 about 6.6 kb from pSSltgXS (described in patent 

13 WO-A-8800239) was ligated using T4 DNA ligase to gel 

14 purified pPolyl (Lathe, Vilotte & Clark, 1987, Gene 57, 

15 193-201) (also described in patent WO-A-8800239) 

16 digested with Sg&l and Xfeal. [The vector pPolyl is 

17 freely available from Professor R. Lathe, LGME-CNRS and 

18 U184 INSERM, 11 rue Humann, 67085, Strasbourg, France.] 

19 After transformation of competent. E. coli strain DHRct 

20 (Gibco-BRL) the correct clone was identified by 

21 restriction enzyme analysis. 
22 

23 Plasmid pBJ5 

24 The gel purified SOill restriction fragment containing 

25 the origin of replication from pSSltgSpX was 

26 self-ligated using T4 DNA ligase in the presence of ImM 

27 hexamine cobalt chloride, 25mM KCI [to encourage 

28 self-ligation (Rusche & Howard-Flanders (1985) Nucleic 

29 Acids Research 13, 1997-2008)]. After transformation 

30 of , competent E. coli strain DHRa (Gibco-BRL) the 

31 correct clone was identified by restriction enzyme 

32 analysis. 
33 
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1 Plasmid pUCBlacA 

2 See example 1 A3 for a description of pUCBlacA 
3 

4 Plasmid pBJ7 

5 The gel purified Hin di - Sma l restriction fragment 

6 from pUCBlacA was ligated using T4 DNA ligase to gel 

7 purified pBJ5 linearised by partial digestion with 

8 Snjal. After transformation of competent E. coli strain 

9 DH5a (Gibco-BRL) the correct clone was identified by 
10 restriction enzyme analysis, 

11 

12 Plasmid pBJ8 

13 The gel purified PvuII restriction fragment containing 

14 the origin of replication from pBJ7 was self-ligated 

15 using T4 DNA ligase in the presence of ImM hexamine 

16 cobalt chloride, 25mM KCI (to encourage self-ligation 

17 [Rusche & Howard-Flanders (1985) Nucleic Acids Research 

18 13, 1997-2008)], After transformation into competent 
* 19- . E. coli strain* DH5a (Gibco-BRL) the correct clone was 

20 identified by restriction enzyme analysis. 
21 

22 Plasmid pBJ12 

23 Plasmid pUC8alAT.73 (described in section Al above) was 

24 digested with AccI and Hin dlll and the resulting 

25 fragment containing the alpha^antitrypsin cDNA minus 

26 its polyadenylation signal was end-repaired using 

27 Klenow fragment of E. coli DNA polymerase in the 

28 presence of excess dNTPs. This blunt ended fragment 

29 was gel purified and ligated using T4 DNA ligase to gel 

30 purified pBJ8 linearised with Pvu II . After 

31 transformation of competent E. coli strain DH5a 

32 (Gibco-BRL) the correct clone was identified by 

33 restriction enzyme analysis. 
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1 Plasmid pBJl 

2 Plasmid pSSltgSpS (described in this patent, see A7 

3 below) was digested with flail I and end-repaired using 

4 the Klenow fragment of E. coli DNA polymerase in the 

5 presence of excess dNTPs. The blunt-ends were modified 

6 using Hindlll synthetic linkers (New England Biolabs 

7 Inc, 32 Tozer Road, Beverly, MA 01915-5510, USA) and 

8 the resulting fragment -self-ligated using T4 DNA ligase 

9 in the presence of lmM hexamine cobalt chloride, 25mM 

10 KCI (to encourage self-ligation [Rusche & 

11 Howard-Flanders (1985) Nucleic Acids Re SeaT - e ^ 13, 

12 1997-2008)]. After transformation of competent E. coli 

13 strain DH5a (Gibco-BRL) the correct clone was 

14 identified by restriction enzyme analysis. 
15 

16 Plasmid pBJ16 (AATD) 

17 The gel purified Hindlll - sshX fragment from pBJl and 

18 the gel purified Spin - xb§T fragment from pBJ12 were 

19 ligated using T4 DNA 'ligase to gel purified pUC19 

20 (Pharmacia-LKB Biotechnology, Pharmacia House, 

21 Midsummer Boulevard, Central Milton Keynes, Bucks, MK9 

22 3 HP, UK) digested with fiindlll and 3£bal. After 

23 transformation of competent E. coli strain DH5a 

24 (Gibco-BRL) the correct clone was identified by 

25 restriction enzyme analysis. 
26 

27 Isolation of AAT-D fragment from pBJl6 for 

28 microinjection 

29 Plasmid pBJ16 was digested with Hindlll. and XbaT and 

30 the resulting 8.0 kb .AATD fragment was isolated from a 

31 gel using DE81 paper (Dretzen e£ ai (1981) Analytical 

32 Biochemistry 112, 285-298). After separation from the 

33 DE81 paper the DNA was phenol/chloroform extracted, 
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1 ethanol precipitated and finally resuspended in TE 

2 buffer (10 mM Tris-HCI, ImM EDTA pH 8) ready for 

3 microinjection. 
4 

5 A6 FIXD - Construction of PBJ17 
6 

7 The procedure of Example 1 A5 (construction of AATD) is 

8 repeated, except that the DNA sequence encoding the 

9 polypeptide of interest encodes Factor IX. A Nhe l - 

10 Hindlll fragment comprising 1553 bp of the insert from 

11 p5'G3'CVI [see International Patent Application No. 

12 WO-A-8800239 (Pharmaceutical Proteins Ltd) ] was 

13 inserted into the Pvu II site of pBJ8 as described above 

14 for pBJ12. 
15 

16 A7 DELTA-A2 - Construction of nSSltq XDELTA-Avall 

17 f DELTA A2) 
18 

19 . This construct contains the minimum ovine 

20 beta-lactoglobulin sequences that have so far been 

21 shown in transgenic mice to result in tissue-specific 

22 expression of the protein during lactation. The 

23 complete sequence of this construct can be found in 

24 Harris, Ali, Anderson, Archibald & Clark (1988), 

25 Nucleic Acids Research 16 (in press) . 
26 

27 Plasmid pSSltgSpS 

28 The gel purified Sai l - Sph I restriction fragment of 

29 approximately 4.2 kb isolated from pSSltgXS (described 

30 in patent W0-A-8800239) was ligated, using T4 DNA 

31 ligase, with eguimolar amounts of gel purified pPolyl 

32 (Lathe, Vilotte & Clark, 1987, Gene 57, 193-201) 

33 digested with Sai l and Sph I. [The vector pPolyl is 
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1 freely available from Professor R. Lathe, LGME-CNRS and 

2 U184 INSERM, 11 rue Humann, 67085 Strasbourg, France.] 

3 After transformation of competent E. coli strain DH1 

4 (Gibco-BRL) the correct clone was identified by 

5 restriction analysis. 
6 

7 Plasmid pSSltgSpDELTA-Avall 

8 Plasmid pSSltgSpS was partially digested with Ava l 

9 followed by digestion to completion with £&1I. The 

10 ends of the resultant DNA fragments were end-repaired 

11 using the Klenow fragment of E. coli DNA polymerase in 

12 the presence of excess dNTPs. After ligation using T4 

13 DNA ligase in the presence of lmM hexamine cobalt 

14 chloride, 25mM KCI [to encourage self-ligation (Rusche 

15 & Howard-Flanders (1985) Nucleic Ac ids R MM Tv«.h 13, 

16 1997-2008)], the DNA was used to transform competent 

17 DH1 (Gibco-BRL) * The correct Aval deletion recombinant 

18 was confirmed by restriction analysis. 
* 19 . 

20 Plasmid pSSltgXDELTA-Avall 

21 The gel purified -800 bp SEili - BglH fragment from 

22 pSSltgSpDELTA-Avall; -6.5 kb SEhl - 5^1 fragment from 

23 pSSltgXS; and pPolyl digested with BcrXl i - xba l were 

24 ligated in approximately eqiiimolar ratios using T4 DNA 

25 ligase then used to transform competent DH1 

26 (Gibco-BRL) • The identity of the correct recombinant 

27 was confirmed by restriction analysis. 
28 

29 Isolation of DNA fragment for injection 

30 pSSltgXDEI/TA-Avall was digested to completion with 

31 Bglll and Xb^I to release the -7.4 kb insert from the 

32 vector. The insert was recovered from an agarose gel 

33 using DE81 paper (Dretzen et al (1981) Analytical 
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1 Biochemistry 112, 295-298). After separation from the 

2 DE81 paper the DNA was phenol/chloroform extracted, 

3 ethanol precipitated and resuspended in 100 /xl TE ready 

4 for microinjection. Alternatively, the insert was 

5 recovered from an agarose gel by electroelution onto 

6 dialysis membrane (Smith (1980) Methods in Enzymoloav 

7 65, 371-380). After release from the membrane the DNA 

8 was phenol/chloroform extracted, ethanol precipitated 

9 and resuspended in 100 pi H 2 0 ready for microinjection. 
10 

11 JL=- CONSTRUCTION OF TRANSGENIC ANIMALS 

12 

13 MICE 
14 

15 Procedures are similar to those described by Hogan, 

16 Costantini and Lacy in "Manipulating the Mouse Embryo: 

17 A Laboratory Manual" Cold Spring Harbor Laboratory 

18 (1986). 
19 

20 Collection of fertilised eggs 
21 

22 Mice used for the collection of fertilised eggs are F 1 

23 hybrids between the C57BL/6 and CBA inbred strains of 

24 mice. C57BL/6 females and CBA males are obtained from 

25 Harlan Olac Ltd (Shaw's Farm, Bicester 0X6 OTP, 

26 England) and used for the breeding of F^^ hybrids. The 

27 mice are housed in controlled light conditions (lights 

28 on at 03.00h, lights off at 17.00h). To induce 

29 superovulation, adult female mice are injected with 5 

30 international units of Pregnant Mares Serum 

31 Gonadotropin (Cat. No. 4877, Sigma Chemical Company, 

32 Poole, Dorset, England) in 0.1 ml of distilled water, 

33 at 15.00h followed 46 to 48 hours later by injection of 
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1 5 international units of Human Chorionic Gonadotropin 

2 (HCG) (Cat, No. CG-10, Sigma Chemical Company, Poole, 

3 Dorset, England) in 0.1 ml of distilled water. 

4 Following HCG injection, the females are housed 

5 individually with mature C57BL/6 X CBA F x male mice for 

6 mating. The following morning, mated female mice are 

7 identified by the presence of a vaginal plug. 
8 

9 Mated females are killed by cervical dislocation. All 

10 subsequent procedures are performed taking precautions 

11 to avoid bacterial and fungal contamination. Oviducts 

12 are excised and placed in M2 culture medium (Hogan, 

13 Costantini and Lacy "Manipulating the Mouse Embryo: A 

14 Laboratory Manual" Cold Spring Harbor Laboratory (1986) 

15 pp254-256) ♦ The fertilised eggs are dissected out of 

16 the ampullae of the oviducts into M2 containing 

17 300 /xg/ml hyaluronidase (Type IV-S, Cat. No. H3884, 

18 Sigma Chemical Company, Poole, Dorset, England) to 

19 release the- cumulus ceilg surrounding the fertilised 

20 eggs. Once the eggs are free of cumulus, they are 

21 washed free of hyaluronidase and, until required for 

22 injection, are kept at 37 *C either in M2 in a 

23 humidified incubator, or in a drop (100 - 2 00 Ml) of 

24 Medium No. 16 (Hogan, Costantini and Lacy "Manipulating 

25 the Mouse Embryo: A Laboratory Manual" Cold Spring 

26 Harbor Laboratory (1986) pp254-255, and 257), under 

27 mineral oil (Cat. No. 400-5, Sigma Chemical Company, 

28 Poole, Dorset, England) in an atmosphere of 95% air, 5% 

29 C0 2 . 
30 

31 Injection of DWA 
32 

33 The DNA to be injected is diluted to approximately 
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1 1.5 Mg/ml in AnalaR water (Cat, No. 10292 3C, BDH 

2 Chemicals, Burnfield Avenue, Glasgow G46 7TP , 

3 Scotland) , previously sterilised by filtration through 

4 a 0.2 fxm pore size filter (Cat. No. SM 16534, 

5 Sartor ious, 18 Avenue Road, Belmont, Surrey SM2 6JD, 

6 England) . All micropipette tips and microcentrifuge 

7 tubes used to handle the DNA and diluent are rinsed in 

8 0.2 /ra-filtered water, to remove particulate matter 

9 which could potentially block the injection pipette. 

10 The diluted DNA is centrifuged at 12000 x g for at 

11 least 15 minutes to allow any particulate matter to 

12 sediment or float; a 20 Ml aliquot is removed from just 

13 below the surface and used to fill the injection 

14 pipettes. 
15 

16 Injection pipettes are prepared on the same day they 

17 are to be used, from 15cm long, 1.0mm outside diameter, 

18 thin wall, borosilicate glass capillaries, with 

19 filament (Cat. No. GC100TF-15; Clark Electromedical 

20 Instruments, PO Box 8, Pangbourne, Reading, RG8 7HU, 

21 England) , by using a microelectrode puller (Campden 

22 Instruments, 186 Campden Hill Road, London, England) . 

23 DNA (approximately 1 Ml) is introduced into the 

24 injection pipettes at the broad end; it is carried to 

25 the tip by capillary action along the filament. To 

26 prevent evaporation of water from the DNA solution, 

27 approximately 20 /il Fluorinert FC77 (Cat. No. F4758, 

28 Sigma Chemical Company, Poole, Dorset, England) is laid 

29 over the DNA solution. The filled injection pipettes 
3 0 are stored at 4°C until required. 

32 The holding pipette (used to immobilise the eggs for 

33 microinjection) is prepared from 10cm long, 1.0mm 
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1 outside diameter, borosilicate glass capillaries (Cat. 

2 No. GC100-10; Clark Electromedical Instruments, PO Box 

3 8, Fangboume, Reading RG8 7HU, England). The glass is 

4 heated over a small flame and pulled by hand to give a 

5 2 - 4 cm long section with a diameter of 80 - 120 pm. 

6 Bends are introduced into the pipette , the glass is 

7 broken and the tip is polished using a microforge 

8 (Research Instruments,. Kernick Road, Penryn TRIO 9DQ, 

9 England) . 
10 

11 A cover slip chamber is constructed in which to 

12 micromanipulate the eggs. The base of the cover-slip 

13 chamber is a 26 x 76 x (1 - 1.2) mm microscope slide 

14 (Cat. No. ML330-12, A and J Beveridge Ltd, 5 Bonnington 

15 Road Lane, Edinburgh EH6 5BP, Scotland) siliconised 

16 with 2% dimethyldichlorosilane (Cat. No. 33164 4V, BDH 

17 Chemicals, Burnfield Avenue, Glasgow G46 7TP, Scotland) 

18 according to the manufacturer's instructions; two glass 
19 * supports (25 x 3 x 1 mm, cut* from microscqpe slides) 

20 are fixed onto the slide with high vacuum silicone 

21 grease (Cat. No. 33135 3N, BDH Chemicals, Burnfield 

22 Avenue, Glasgow G46 7TP, Scotland) parallel to and 

23 approximately 2mm from the long sides of the slide, 

24 half way along the length of the slide. A further two 

25 glass supports are fixed on top of the first pair, and 

26 the top surface is smeared with silicone grease. 

27 300 pi of medium M2 are pipetted into the space between 

28 the supports, and a 22 x 22 mm cover-slip (Cat. No. 

29 ML544-20, A and J Beveridge Ltd, 5 Bonnington Road 

30 Lame, Edinburgh EH6 5BP, Scotland) is lowered onto the 

31 supports, a seal being formed by the grease. 

32 Dow-Corning fluid (50 cs) (Cat. No. 63006 4V f BDH 

33 Chemicals, Burnfield Avenue, Glasgow G46 7TP, Scotland) 
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1 is pipetted into the open ends of the chamber/ to cover 

2 the medium. 
3 

4 Batches of eggs (30 to 100) are placed into a 

5 cover-slip chamber for manipulation. The chamber is 

6 mounted on the microscope (Diaphot, Nikon (UK) Ltd, 

7 Haybrooke, Telford, Shropshire, England) which has 4x 

8 bright field, lOx phase contrast and 40x differential 

9 interference contrast (DIC) objectives, and lOx 

10 eyepieces. Mechanical micromanipulators (Cat, Nos. 

11 520 137 and 520 138, E. Leitz (Instruments) Ltd, 48 

12 Park Street, Luton, England) are mounted adjacent to 

13 the microscope and are used to control the positions of 

14 the holding and injection pipettes. 
15 

16 The holding pipette and DNA-containing injection 

17 pipette are mounted in modified instrument tubes (Cat. 

18 No. 520 145, E. Leitz (Instruments) Ltd, 48 Park 

19 Street, Luton, England) which are in turn mounted onto 

20 the micromanipulators via single unit (Cat. No. 

21 520 142, E. Leitz (Instruments) Ltd, 48 Park Street, 

22 Luton, England) and double unit (Cat. No. 520 143, E. 

23 Leitz (Instruments) Ltd, 48 Park Street, Luton, 

24 England) instrument holders, respectively. The 

25 instrument tubes are modified by gluing onto Clay Adams 

26 "Intramedic" adapters (2.0-3.5 mm tubing to female 

27 Luer, Cat. No. 7543D, Arnold R. Horwell Ltd, 2 

28 Grangeway, Kilburn High Road, London NW6 2 BP, England) , 

29 which are used to connect the instrument tubes to 

30 approximately 2 metres of polythene tubing (1.57 mm 

31 inside diameter, 2.9 mm outside diameter, Cat. No. 

32 F21852-0062, R.B. Radley & Co, Ltd, London Road, 

33 Sawbridgeworth, Herts CM21 9JH, England) , further 
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1 "Intramedic" adapters are connected to the other ends 

2 of the polythene tubing to facilitate connection to the 

3 syringes used to control the holding and injection 

4 pipettes . 
5 

6 Injection is controlled using a 20ml or a 100ml glass 

7 syringe (Cat. Nos. M611/20 and M611/31, Fisons, Bishop 

8 Meadow Road, Loughborough LE11 ORG, England) , the 

9 plunger of which is lightly greased with high vacuum 

10 silicone grease (Cat. No. 33135 3N, BDH Chemicals, 

11 Burnfield Avenue, Glasgow G46 7TP, Scotland) . 
12 

13 Holding of eggs is controlled with an Agla micrometer 

14 syringe (Cat. No. MS01, Wellcome Diagnostics, Temple 

15 Hill, Dartford DAI 5 AH, England) , which is fitted with 

16 a light spring around the plunger. The Agla syringe is 

17 connected via a 3-way stopcock (Cat. No. SYA-580-L) , 

18 Gallenkamp, Belton Road West, Loughborough LE11 OTR, 

19 England), to the* "Intramedic" adapter, the third port 

20 of the stopcock is connected to a reservoir of 

21 Fluorinert FC77 (Cat. No. F 4758, Sigma Chemical 

22 Company, Poole, Dorset, England) , which fills the Agla 

23 syringe, polythene tubing, instrument tube and holding 

24 pipette. 
25 

26 The tip of the injection pipette is broken off against 

27 the holding pipette, to increase the tip diameter to a 

28 size which allows free passage of the DNA solution and 

29 which is small enough to allow injection without lethal 

30 damage to the eggs (<l /xm) . The flow of DNA through 

31 the pipette tip is checked by viewing under phase 

32 contrast conditions whilst pressure is applied to the 

33 injection syringe (the DNA solution will appear as a 

34 bright plume emerging from the tip of the pipette) . 
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1 One by one, fertilised eggs are picked up on the 

2 holding pipette, and one or both pronuclei brought into 

3 the same focus as the injection pipette (using the 4 Ox 

4 objective and DIG conditions; the correction ring on 

5 the objective is adjusted for optimum resolution). The 

6 injection pipette is inserted into one of the 

7 pronuclei, avoiding the nucleoli, pressure is applied 

8 to the injection syringe and once swelling of the 

9 pronucleus is observed, pressure is released and the 

10 injection pipette is immediately withdrawn. When 

11 pipettes block, the blockage may be cleared by 

12 application of high pressure on the injection syringe 

13 or by breaking off a further portion of the tip. If 

14 the blockage cannot be cleared, or if the pipette tip 

15 becomes dirty, the pipette is replaced. 

16 . 

17 After injection, the eggs are cultured overnight in 

18 medium No. 16 under oil in an atmosphere of 5% C0 2 . 

19 Eggs which cleave to two cells during overnight culture 

20 are implanted into pseudopregnant foster mothers. 
21 

22 Random-bred albino (MF1, Harlan Olac Ltd, Shaw's Farm, 

23 Bicester, 0X6 OTP, England) female mice are mated with 

24 vasectomised (Hogan, Costantini and Lacy, "Manipulating 

25 the Mouse Embryo: A Laboratory Manual" Cold Spring 

26 Harbor Laboratory (1986) ; Rafferty, "Methods in 

27 experimental embryology of the mouse", The Johns 

28 Hopkins Press, Baltimore, USA (1970)) MF1 male mice. 

29 The matings are performed one day later than those of 

30 the superovulated egg donors. MF1 females which have a 

31 detectable vaginal plug the following morning are used 

32 as foster mothers. The ideal weight of foster mothers 

33 is 25 to 30g. Each foster mother is anaesthetised by 
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1 intraperitoneal injection of Hypnorm/Hypnovel (10 Ml/g 

2 body weight) at 2/3 the concentration recommended by 

3 Flecknell (Veterinary Record, Hi, 574) (Hypnorm: Crown 

4 Chemical Co, Ltd, Lamberhurst, Kent TN3 8DJ, England; 

5 Hypnovel: Roche Products Ltd, P0 Box 8, Welwyn Garden 

6 City, Herts AL7 3 AY, England) and 20 to 30 2 -cell eggs 

7 are transferred into one oviduct by the method 

8 described by Hogan, Costantini and Lacy ("Manipulating 

9 the Mouse Embryo: A Laboratory Manual" Cold Spring 

10 Harbor Laboratory (1986)). As an option, to minimise 

11 bleeding from the ovearian bursa, 2 /xl of 0.01% (w:v) 

12 epinephrine bitartrate (Cat. No. E4375, Sigma Chemical 

13 Company, Poole, Dorset, England) dissolved in distilled 

14 water is applied to the bursa a few minutes before 

15 tearing it. Foster mothers are allowed to deliver 

16 their offspring naturally unless they have not done so 

17 by 19 days after egg transfer, in which case the pups 

18 are delivered by hysterectomy, and are fostered. 

19 Followingr normal mouse husbandry, 'the pups are weaned 

20 at 3 to 4 weeks of age and housed with other mice of 

21 the same sex only. 
22 

23 Transgenic female mice may be used for the breeding of 

24 subsequent generations of transgenic mice by standard 

25 procedures and/or for the collection of milk and RNA. 

26 Transgenic male mice are used to breed subsequent 

27 generations of transgenic mice by standard procedures. 

28 Transgenic mice of subsequent generations are 

29 identified by analysis of DNA prepared from tails, as 

30 described below. 



31 
32 
33 
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1 SHW 
2 

3 The generation of transgenic sheep is described in 

4 detail in International Patent Application No, 

5 WO-A-8800239 (Pharmaceutical Proteins Ltd) and by 

6 Simons, Wilmut, Clark, Archibald, Bishop & Lathe (1988) 

7 Biotechnology 6, 179-183 • 
8 

9 fit IDENTIFICATION OF TRANSGENIC INDIVIDUALS 
10 

11 MICE 
12 

13 When the pups are at least 4 weeks of age, a biopsy of 

14 tail is taken for the preparation of DNA. The pups are 

15 anaesthetised by intraperitoneal injection of 

16 Hypnorm/Hypnovel (10 pl/g body weight) at 1/2 the 

17 concentration recommended by Flecknell (Veterinary 

18 Record, 113 , 574) . Once anaesthetised, a portion of 

19 tail (1 to 2 cm) is removed by cutting with a scalpel 

20 which has been heated in a Bunsen flame; the hot blade 

21 cauterises the wound and prevents bleeding. 
22 

23 The tail segments are digested with proteinase 

24 K 200 pg/ml (Sigma) in tail buffer [0.3 M NaAcetate 
25* (not titrated), 10 mM Tris-HCl pH 7.9, 1 mM EDTA pH 

26 8.0, 1% SDS] overnight with shaking at 37 °C. The 

27 following day the digests are vortexed briefly to 

28 disaggregate the debris. Aliquots of digested tail are 

29 phenol/chloroform extracted once, chloroform extracted 

30 once and then DNA is recovered by precipitation with an 

31 equal volume of isopropanol. 
32 

33 
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1 'Tail DNA' is digested with restriction enzyme (s) , and 

2 subjected to agarose gel electrophoresis. The 

3 separated DNA is then 'Southern' blotted to Hybond™ N 

4 (Amersham) nylon membranes as described in the Amersham 

5 Handbook 'Membrane transfer and detection methods' 

6 (Pl/162/86/8 published by Amersham International pic, 

7 PO Box 16, Amersham, Buckinghamshire HP7 9LL, UK) . DNA 

8 bound to the membranes is probed by hybridisation to 

9 appropriate 32 P labelled DNA sequences (eg the 

10 construct DNAs) . The DNA probes are labelled with 32 P 

11 by nick-translation as described in 'Molecular Cloning: 

12 a Laboratory Manual' (1982) by Maniatis, Fritsch and 

13 Sambrook, published by Cold Spring Harbor Laboratory, 

14 Box 100, Cold Spring Harbor, USA. Alternatively DNA 

15 probes are labelled using random primers by the method 

16 described by Feinberg and Vogelstein (1984) Analytical 

17 Biochemistry 137, 266-267. Briefly: The plasmid or 

18 phage is cleaved with the ' appropriate restriction 

19 enzymes and the desired fragment isolated^ from an 

20 agarose gel. The labelling reaction is carried out at 

21 room temperature by adding the following reagents in 

22 order: H 2 0, 6 Ml OLB*, 1.2 Ml BSA, DNA (max. 25 ng) , 

23 4 Ml 32 P labelled dCTP (PB10205, Amersham pic, Amersham 

24 UK) , 1 Ml (1 unit) Klenow Polymerase (BCL) to a final 

25 volume of 30 /*1. 
26 

27 *OLB comprises solution A: 625 Ml 2M Tris, pH 8.0 + 25 

28 Ml 5M MgC12 + 350 Ml H 2 0 + 18 Ml 2-mercaptoethanol 

29 (Sigma); solution B, 2M HE PES (Sigma), titrated to pH 

30 6.6 with NaOH; solution C, Hexa deoxyribonucleotides 

31 (Pharmacia-LKB Biotechnology Cat. No. 27-2166-01) . The 

32 labelling reaction is allowed to run overnight and then 

33 the reaction stopped by the addition of 70 m! stop 
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1 solution (20 mM Naci, 20 mM Tris pH 7.5, 2mM EDTA, 

2 0.25% SDS, 1 mM dCTP) . Incorporation is assessed by 

3 TCA precipitation and counting Cerenkov emission. 
4 

5 Hybridisations are carried out in sealed plastic bags 

6 by a modification of the procedure described by Church 

7 and Gilbert (1984). Proceedings of the National 

8 Academy of Sciences (USA) 81 f 19*91-1995. Briefly: the 

9 probe is used at a concentration of 1.5x10 6 Cerenkov 

10 counts/ml of hybridisation buffer (HB: 0.5M sodium 

11 phosphate pH 7.2, 7% SDS, ImM EDTA) . Firstly, the 

12 membrane is prehybridised for 5 minutes in HB (15ml of 

13 buffer per 20 cm 2 membrane) in the plastic bag at 65 *C. 

14 The probe is denatured by boiling and added to the same 

15 volume of fresh HB. The plastic bag is cut open and 

16 the prehybridisation solution drained and then the HB + 

17 probe added and the bag re-sealed. The bag and 

18 contents are incubated overnight on a rotary shaker at 

19 65 # C. After hybridisation the membrane is washed in 40 

20 mM sodium phosphate, 1% SDS and ImM EDTA three times 

21 for ten minutes at 65 *C and then a final wash is 

22 carried out for 15-3 0 minutes at this temperature. 

23 Washing is monitored with a hand-held Geiger counter. 

24 The stringency of the washings may be adjusted 

25 according to the particular needs of the experiment. 

26 After the last wash the membrane is blotted dry and 

27 then placed on a dry piece of Whatman filter paper and 

28 wrapped in Saran-wrap. The membrane is exposed to 

29 X-ray film (Agfa CURIX RP-1) using an X-ray cassette at 

30 - TO'C for one or more days. 
31 

32 By comparison with known amounts of construct DNA 

33 treated in the same manner DNA from transgenic 
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1 individuals can be identified and the number of copies 

2 of the construct DNA which have been integrated into 

3 the genome can be estimated. 
4 

5 The same methods are used to identify transgenic 

6 offspring of the founder transgenic individuals. 
7 

8 SHEEP 
9 

10 The identification of transgenic sheep is described in 

11 detail in International Patent Application No. 

12 WO-A-8800239 (Pharmaceutical Proteins Ltd) . 
13 

14 JLl analysis op expression - methods 

15 

16 Collection of Mouse Milk 
17 

18 Female mice (at least 7 weeks of age) are housed 

19 individually with adult male mice for mating. , After 17 

20 days, the male mice are removed from the cage and the 

21 female mice are observed daily for the birth of 

22 offspring. Milk and/or RNA are collected 11 days after 

23 parturition. 
24 

25 For the collection of milk, the pups are separated from 

26 the lactating female mice to allow the build-up of milk 

27 in the mammary glands. After at least 3 hours, 0.3 

28 international units of oxytocin (Sigma, Cat. No. 

29 O 4250) in 0.1 ml of distilled water are administered 

30 by intraperitoneal injection, followed after 10 minutes 

31 by intraperitoneal injection of Hypnorm/Hypnovel 

32 anaesthetic (10 pl/g body weight) at 2/3 the 

33 concentration recommended by Flecknell (Veterinary 
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1 Record, 113, 574). When fully anaesthetised, the 

2 mammary glands are massaged to expel milk, which is 

3 collected in 50 /il capillary tubes (Drummond Microcaps, 

4 Cat. No, PP600-78, A and J Beveridge Ltd, 5 Bonnington 

5 Road Lane, Edinburgh EH6 5BP, Scotland) . 
6 

7 Mouse milk is diluted 1:5 in distilled water and 

8 centrifuged in an Eppendorf 5415 centrifuge (BDH) to 

9 remove fat. To make whey, 1.0 M HC1 was added to give 

10 a final pH of 4.5, thus precipitating the caseins which 

11 were then removed by centrifugation in an Eppendorf 

12 5415 centrifuge. Diluted milk or whey samples were 

13 solubilised by boiling in loading buffer prior to 

14 discontinuous SDS polyacrylamide gel electrophoresis 

15 (Laemmli (1970) Nature 277, 680-684) and immunoblotting 

16 analysis (Khyse-Anderson (1984) Journal of Biochemical 

17 and Biophysical Methods 10, 203-209). Human 

18 alpha^antitrypsin (AAT) was identified on immunoblot 

19 filters by using goat-anti-AT serum [Protein Reference 

20 Unit, Royal Hallamshire Hospital, Sheffield S10 2JF] 

21 and anti-sheep/ goat IgG serum conjugated to horseradish 

22 peroxidase [Scottish Antibody Production Unit, Glasgow 

23 and West of Scotland Blood Transfusion Service, Law 

24 Hospital, Carluke, Lanarkshire ML8 5ES] . 
25 

26 Amounts of human alpha^antitrypsin (AAT) in mouse milk 

27 were measured by using LC-Partigen radial 

28 immunodiffusion plates [Behring Diagnostics, Hoescht UK 

29 Ltd, 50 Salisbury Road, Hounslow, Middlesex TW4 6JH] . 

30 The radial immunodiffusion (RID) method, which is 

31 designed to detect AAT in body fluids in the 

32 concentration range 8 - 125 iig/ml, was carried out 

33 according to the manufacturers instructions. Three 
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1 dilutions of standard human serum [LC-V, Behring 

2 Diagnostics] were prepared in phosphate buffered saline 

3 (PBS) to give AAT concentrations which fell within the 

4 detection range for the assay. 
5 

6 Test milk samples were diluted 1:5 in distilled water 

7 and defatted by spinning briefly in an Eppendorf 5415 

8 centrifuge (BDH) . The following control experiment was 

9 carried out in order to assess the effect of the milk 

10 environment on the detection of AAT (the method is 

11 primarily designed for measuring AAT in blood serum) . 

12 Milk samples from non-transgenic mice were assayed with 

13 and without defined amounts of added AAT. Samples 

14 (20 jitl) were loaded into the wells and the plates left 

15 open for 10-20 minutes. The plates were then sealed 

16 with the plastic lids provided and left to stand at 

17 room temperature. The diameters of the precipitation 

18 zones were measured after a diffusion time of 2 - 3 

19 days, using a* low power binocular microscope fitted 

20 with a lens graticule. At least three independent 

21 readings were recorded and the average measurement (mm) 

22 calculated and squared (mm 2 ) . A calibration curve 

23 plotting zone measurement squared against AAT 

24 concentration was constructed using the values obtained 

25 with the dilutions of standard human serum. This 

26 linear graph was used to calculate the AAT 

27 concentrations in the test samples. 
28 

29 Preparation of RNA 
30 

31 RNA may be prepared from mice immediately after milking 

32 or from mice which have not been milked. The lactating 

33 female mouse is killed by cervical dislocation and 
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1 tissues excised, taking care to avoid cross- 

2 contamination of samples. The procedure is based on 

3 the protocol described by Chirgwin, Przybyla, MacDonald 

4 and Rutter (1979) Biochemistry 18, 5294-5299. 
5 

6 The tissue of interest is dissected and placed in 4 ml 

7 of a 4 M solution of Guanadine Thiocyanate in a sterile 

8 3 0 ml disposable plastic tube. The tissue is 

9 homogenised using an Ultra-Turrax 1 * homogeniser at full 

10 speed for 30 - 45 seconds at room temperature. The 

11 homogenate is layered onto a 1.2 ml, 5.7 M CsCl 

12 solution in a 5 ml polyallomer ultracentrifuge tube 

13 (Sorvall Cat. 03127; Du Pont (UK) Ltd, Wedgwood Way, 

14 Stevenage, Hertfordshire SGI 4QN, UK) . The RNA is 

15 pelleted through the cushion of CsCl by centrifuging at 

16 36,000 rpm for 12 hrs at 20 9 C using a Sorvall AH650 or 

17 Beckman SW50.1 swing-out rotor in a Beckman L8 0 

18 ultracentrifuge (Beckman Instruments (UK) Ltd, Progress 

19 Road, Sands Industrial Estate, High Wycombe, Bucks HP12 

20 4JL, UK) . After centrifugation the supernatant is 

21 removed with sterile disposable plastic 5 ml pipettes 

22 and the tube is then very carefully drained. The RNA 

23 which should be visible as an opalescent pellet at the 

24 bottom of the tube is resuspended in 2 ml of 7.5 M 

25 Guanidine Hydrochloride with vigorous vortexing. 

26 Resuspension may take 15 minutes or longer. The 

27 preparation is transferred to a 15 or 30 ml 

28 heat-sterilised Corex™ (Du Pont) centrifuge tube and 

29 precipitated by the addition of 50 /xl of 1M acetic acid 

30 and 1ml of 100% ethanol and incubation overnight at 

31 -20 °C. The RNA is pelleted using a Sorvall SS34 rotor 

32 (Du Pont) in a' Sorvall RCB5 refrigerated centrifuge 

33 (Du Pont) at 10,000 rpm for 10 minutes at 2°C. The RNA 
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1 pellet is resuspended in 2 ml of diethylpyrocarbonate 

2 (Sigma) (DEPC) -treated distilled water by vortexing. 

3 The RNA is re-precipitated by the addition of 600 fil of 

4 1M sodium acetate (DEPC-treated) and 3 volumes of 100% 

5 ethanol, resuspended in DEPC treated water and again 

6 precipitated. After the second precipitation from DEPC 

7 water the RNA pellet is resuspended in DEPC water to 

8 the desired final volume (usually 100 /xl - 500 fxl) • 

9 The concentration of RNA is determined spectro- 

10 photometrically (OD 260nm = 1 corresponds to 40 jug/ml) . 

11 RNA preparations are stored frozen at -70 °C. 
12 

13 Analysis of RNA 
14 

15 The expression of the introduced transgene was 

16 investigated in a number of different tissues by 

17 'Northern' blotting of the RNA samples prepared by the 

18 procedure described above. Aliquots (10 /xg-20 pq) of 

19 total RNA were denatured and separated in denaturing 

20 MOPS/ formaldehyde (1 - 1.5%) agarose gels and 

21 transferred to Hybond™ N (Amersham) nylon membranes as 

22 described in the Amersham Handbook 'Membrane transfer 

23 and detection methods' (PI/162/86/8 published by 

24 Amersham International pic, P0 Box 16, Amersham, 

25 Buckinghamshire HP7 9 Lit, UK) . The RNA bound to the 

26 membranes is probed by hybridisation to appropriate 32 P 

27 ■ labelled DNA sequences (eg encoding BLG, FIX or AAT) . 

28 The labelling and hybridisation procedures are 

29 described in section 1C above. 
30 

31 In some cases RNA transcripts were detected using an 

32 RNase protection assay. This allows the determination 
3 3 of the transcriptional start point of the gene. The 
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1 procedure essentially follows that described by Melton, 

2 Krieg, Rebagliati, Maniatis, Zinn and Green (1984) 

3 Nucleic Acids Research 18, 7035-7054 • For example, for 

4 FIX a 145bp Sph l- Eco RV fragment from pSltgXSFIX 

5 (WO-A-8800239) which spans the 5' fusion point of BLG 

6 and FIX was cloned into Sph l- Sma l cleaved pGEM4 

7 (ProMega Biotec, 2800 South Fish Hatchery Road, 

8 Madison, Wisconsin 53791-9889, USA). A 192 nucleotide 

9 long 32 p labelled, antisense RNA transcript was 

10 generated using SP6 polymerase was used in the RNase 

11 protection assays. After annealing the samples were 

12 digested with RNAase A (BCL) (40 Mg/ral) and RNase 

13 Tl(BCL) (2 nq/ml) at 37°C for one hour. 

14 Phenol/Chloroform purified samples were electrophoresed 

15 on 8% polyacrylamide/urea sequencing gels. 
16 

17 EXAMPLE 2; EXPRESSION OF THE AATB CONSTRDCT IN 

18 TRANSGENIC MICE 
19 

20 The efficient expression of a human plasma protein in 

21 the milk of transgenic mice is exemplified by construct 

22 AATB. The details of the construction of AATB are 

23 given in Example 1. Briefly AATB contains the genomic 

24 sequences for the human (liver) alpha^antitrypsin gene 

25 minus intron 1, fused to the promoter of the ovine 

26 beta-lactoglobulin gene. The fusion point is in the 

27 5 '-untranslated region of the BLG gene. It was 

28 anticipated that the presence of the AAT introns would 

29 enhance the levels of expression of the construct. The 

30 large first AAT intron (ca. 5 kb) was omitted in order 

31 to facilitate the DNA manipulation of the construct and 

32 to determine whether all the AAT introns were required 

33 for efficient expression. 
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1 Unless otherwise stated the analyses of expression are 

2 tabulated. indicates expression as determined by 

3 the presence of the appropriate mRNA transcript 

4 (detected by Northern blotting) or protein (as detected 

5 by radial immunodiffusion (RID) or immunoblotting 

6 (Western blotting))* indicates that the expression 

7 was not detected. 
8 

9 Transgenic mice carrvincr the AATB construct 
10 

11 The AATB construct described in Example 1 was used to 

12 generate transgenic mice by the methods outlined in 

13 Example 1. AATB construct DNA was microinjected into 

14 fertilised mouse eggs on 7 occasions between August 

15 1987 and June 1988. A total of 993 eggs were injected 

16 of which 747 were transferred to recipient 

17 pseudo-pregnant mice. A total of 122 pups were weaned. 

18 Analysis of DNA prepared from tail biopsies, as 

19 described io> Example 1C, revealed that of these- 122 

20 generation zero (GO) pups 21 carried the AATB construct 

21 as a transgene (see Table 1) . These transgenic mice 

22 had between 1 and >20 copies of the AATB construct 

23 integrated into their genome. 
24 

25 The following policy was adopted for the study of the 

26 expression of the AATB transgene. Where a founder 

27 transgenic GO individual was male, he was mated to 

28 non-transgenic females to generate Gl offspring. Tail 

29 DNAs from Gl individuals were examined to determine 

30 whether they had inherited the transgene. Female 

31 transgenic Gl mice were used for the analysis of 

32 expression of the AATB transgene by the methods 

33 described in Example ID. Where a founder transgenic GO 
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1 individual was female she was used directly for the 

2 analysis of expression as described in Example ID* The 

3 adoption of this policy meant that lines of mice were 

4 only established where the founder GO animal was male* 

5 The transmission of the transgenes to subsequent 

6 generations has also only been determined where the 

7 founder GO mouse was male. Transmission data for four 

8 AATB GO males is given in Table 1. 
9 

10 TABLE 1 : Mice carrying the AATB construct as a 

11 transgene. 
12 
13 

14 Animal Sex 

15 ID 
16 

17 AATB 15 male 

18 AATB17 male 

19 AATB26 male 

20 AATB28 male 

21 AATB44 female 

22 AATB45 female 

23 AATB65 female 

24 AATB69 female 

25 AATB105 female 
26 

27 Analysis of expression 
28 

29 Fifteen Gl females have been examined for expression of 

30 the AATB transgene, 8 by protein analysis of milk and 7 

31 by RNA analysis by the methods described in Example l. 

32 A further 5 GO females have been examined by both 

33 protein analysis of milk and RNA analysis. A total of 



Copy Transmission data 

Number No. of offspring/No. transgenic 



2-5 


25 


8 


10-15 


26 


16 


>20* 


34 
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2-5 


22 


12 


15 






1-2 






2-3 






1-2 






20 
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1 9 different transgenic mice or mouse-lines were 

2 examined. 
3 

4 RNA Analysis 

5 RNAs isolated from the following tissues were examined 

6 for the presence of AATB transcripts - mammary gland, 

7 liver, kidney, spleen, salivary gland and heart. Total 

8 RNA samples (10 jig) from these tissues were analysed by 

9 Northern blotting, A representative Northern blot is 

10 presented as Figure 11 [Lanes 1 & 2, and 3 & 4 contain 

11 mammary (M) and liver (L) samples from control mice; 

12 lanes 5-9, AATB26.1 mammary (M) , liver (L) , kidney 

13 (K) , spleen (Sp) and salivary (Sa) RNA samples; lanes 

14 10-14, AATB17.3 mammary (M) , liver (L) , kidney (K) , 

15 spleen (Sp) and salivary (Sa) RNA samples. The AAT 

16 transcript of approximately 1400 nucleotides is 

17 arrowed]. The human AAT cDNA probe, pSalppg, 

18 cross-hybridises with endogenous mouse AAT transcripts 

19 in liver. RNA samples.* The presence of AAT transcripts 

20 in salivary samples from AATB26.1 and AATB17.3 do not 

21 result from contamination with liver or mammary 

22 material as proved by re-probing the filters with 

23 liver-specific and salivary-specific probes. The 

24 results of this analysis are summarised in Table 2. 
25 

26 
27 
28 
29 
30 
31 
32 
33 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 



TABLE 2 : Summary of RNA analysis for AATB transgenic 
mice. 

Animal Generation Tissue (presence/absence of 

ID AATB transcripts) 







Mam. 


Liver 


Kid. 


Spl. 


Saliv. 


Hea] 


AATB15 . 2 


Gl 


+* 


7 
















7 








n x 


AATB17 . 3 


Gl 


+ 








+ 


NT 


AATB17.20 


Gl 


+ 








+ 


NT 


AATB26.1 


Gl 










+ 


NT 


AATB26.28 


Gl 




7 






+ 




AATB28.3 


Gl 




7 








NT 


AATB28.21 


Gl 




7 








NT 


AATB44 


GO 


+ 


7 










AATB45 


GO 


+ 


? 










AATB65 


GO 


+ 


7 










AATB69 


GO 




? 










AATB105 


GO 




7 






+ 





[Mam. = mammary gland; Kid. = kidney; Spl. = spleen; 
Saliv. » salivary gland; nd = not detected; NT - not 
tested] 

* presence only detected in poly A+ RNA 
? background from endogenous mouse AAT transcripts in 
liver precluded an unambiguous determination of whether 
there were AATB transcripts present. 

In order to confirm that the transcripts observed were 
being initiated at the beta-lactoglobulin start site in 
the AATB constructs , RNAs isolated from the mammary 
gland of mouse AATB17.20 and from the salivary gland of 
mouse AATB2 6.1 were examined by an RNase protection 
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10 



1 assay as described in Example ID. RNAs isolated from 

2 the liver (AATB17.20 & AATB26.1) and from the mammary 

3 gland (AATB26.1) of these mice were also examined by 

4 RNAse protection, as were RNAs from non-transgenic 

5 liver, mammary gland and salivary gland. The 

6 anti-sense probe was produced by transcribing a pGEM 

7 vector (Promega Biotec, 2800 South Fish Hatchery Road, 

8 Madison, Wisconsin 53791-9889) containing a 155 bp Sph I 

9 - jiamJII fragment derived from the 5' end of the AATA 
construct. This 155 bp fragment is identical to that 

11 found in AATB (see pIII-ISpB, Example 1A) . Annealing 

12 was carried out under standard conditions and the 

13 hydrolysis of single-stranded RNA performed with RNaseA 

14 and RNaseTl (BCL) . A sense transcript was also 

15 transcribed and various amounts of this transcript 

16 included along with 20 fxg samples of control RNA to 

17 provide an estimation of steady state mRNA levels. A 

18 representative RNase protection gel is shown in Figure 

19 12 [Lanes 1 & 2, AATB17.20 20 ytg arid 10 fig total 

20 mammary RNA; lanes 3, 4, 5 & 6, 1000 pg, 200 pg, 100 pg 

21 & 50 pg of control sense transcript; lanes 7 & 8, 

22 AATB26.1 20 y,g & 10 fig total salivary RNA; lanes 9, 10 

23 & 11, 5 /*g aliquots of mammary polyA+ RNA from 

24 AATB15.2, AATA5.20 and AATA31; lane M Haell digested 

25 $X174 DNA marker track] . The RNase protection assay 

26 confirmed that the beta-lactoglobulin transcription 

27 start site was being used as predicted in the mammary 

28 tissue of line AATB17 and in the salivary tissue of 

29 line AATB26 . The absence of AATB transcripts in the 

30 liver of AATB17.20 and in the liver and mammary gland 

31 of AATB26.1 were also confirmed by RNase protection 

32 assays. 



33 
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1 Protein analysis of milk 

2 Milk samples from 8 61 females and from 5 GO females 

3 were assayed for the presence of human 

4 alpha^antitrypsin by the immunoblotting methods 

5 described in Example ID. The results of this analysis 

6 are summarised in Table 3. A representative immunoblot 

7 of diluted milk samples from transgenic and normal mice 

8 is shown as Figure 13 [lanes 1, pooled human serum; 2, 

9 control mouse milk; 3, AATB 15.10 milk; 4, AATB 17.24 

10 milk; 5, AATB 17.23 milk; 6, AATB 15.20 milk; 7, 

11 control mouse milk; 8 & 9, marker proteins]. The human 

12 AAT (arrowed) is clearly evident in preparations from 

13 mice AATB17.23 and AATB17.24 and just about visible in 

14 milk from mouse AATB15.10]. Cross reaction of the 

15 anti-human sera to endogenous mouse AAT (which migrates 

16 slightly faster than its human counterpart) is also 

17 evident. 
18 

19 Amounts of 'human .alpha^-antitrypsin in transgenic, mouse 

20 milk were estimated using LC-Partigen radial 

21 immunodiffusion plates [RID] [Behring Diagnostics, 

22 Hoescht UK Ltd, 50 Salisbury Road, Hounslow, Middlesex 

23 TW4 6JH] as described in Example ID (see Table 3) . 

24 Normal mouse milk samples with and without human 
25. alpha^antitrypsin were included as controls. 

2S 
27 
28 
29 
30 
31 
32 
33 
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1 TABI^E? 3 
2 



3 


Animal 


Generation 


Immunoblot 


RID 


4 
5 


ID 




pr es ence/ abs ence 


protein m< 


6 


AATB15.10 


Gl 


+ 


NT 


7 


AATB15.20 


Gl 


— 


NT 


8 


AATB17.23 


Gl 


+ 


0.448 


9 


AATB17.24 


Gl 


+ 


0.533 


10 


AATB26.14 


Gl 




NT 


11 


AATB26.28 


Gl 




NT 


12 


AATB28.11 


Gl 




NT 


13 


AATB28.14 


Gl 




NT 


14 


AATB44 


GO 


+ 


0.87 


15 


AATB45 


GO 


+ 


0.088 


16 


AATB65 


GO 


+ 


0,091 


17 


AATB69 


GO 


+ 


0.465 


18 


AATB105 


GO 







20 [NT * not tested] 
21 

22 Of the nine different AATB transgenic mice or 

23 mouse-lines examined, five efficiently directed 

24 expression of human alpha 1 -antitrypsin in milk. A 

25 sixth line (AATB15) also exhibited mammary expression, 

26 but at lower levels. This analysis proves that the 

27 AATB construct contains sufficient information to 

28 direct efficient expression of human alpha^antitrypsin 

29 in the mammary glands of. transgenic mice. There 

30 appears to be some relaxation of the tissue-specificity 

31 of the BLG promoter such as to allow it to function in 

32 salivary gland as well as in the mammary gland. The 

33 first intron of the AAT gene is not necessary for 
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1 efficient expression of the hybrid gene AATB. The 

2 introns and 3' flanking sequences of the BLG gene are 

3 evidently not essential for efficient mammary gland 

4 expression from the BLG promoter. The 5' flanking 

5 sequences of the BLG gene from Sai l through Sjalll to the 

6 jbmll site in the 5 '-untranslated of the BLG gene are 

7 sufficient to direct the efficient mammary expression 

8 of a heterologous gene as exemplified by AAT. 
9 

10 EXAMPLE 3 t COMPARATIVE EXPRESSION OF BLG CONSTRUCTS 
11 

12 The efficient expression of a human plasma protein in 

13 the milk of transgenic mice is exemplified by construct 

14 AATB. In this section the expression analyses of 

15 different constructs encoding a human plasma protein, 

16 either FIX or AAT, are given. The details of their 

17 constructions are given in Example 1A. Expression 

18 analyses of two configurations of the BLG gene are also 

19 given and s,erve to further 'define the BLG sequences 

20 that may be required for expression in the mammary 

21 gland. Unless otherwise stated the analyses of 

22 expression are tabulated. '+' indicates expression as 

23 determined by the presence of the appropriate mRNA 

24 transcript (detected by Northern blotting) or protein 

25 (as detected by radioimmunoassay (RIA) , radial- 

26 immunodiffusion (RID) , Coomassie blue staining or 

27 Western blotting. '-' indicates that expression was 

28 not detected. 
29 

30 FIXA: 

31 

32 Construction and expression of this construct is 

33 described in detail in WO-A-8800239 (designated 
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Sheep 


Description 


RNA 


FIX Protein (iu*/l) 


6LL240 


GO female 


+ 


+ : 4.7 a , 8.0 b 


6LL231 


GO female 


+ 


+: 4.0a, 4.3b 


7R45 


Gl female@ 


+ 


+ : / 5.7b 


7R39 


Gl female@ 


+ 


+ : / 6.4b 



1 pSSltgXS-FIX or pSSltgXS-TARG) . It comprises cDNA 

2 sequences encoding human blood clotting factor IX (FIX) 

3 inserted into the first exon of the BLG gene. 

4 Transgenic sheep have been produced which carry this 

5 construct and these have been analysed for the 

6 expression of human FIX by Northern blotting of mammary 

7 RNA and radioimmunoassays of milk:- 
8 

9 
10 
11 
12 
13 
14 

15 [a, analysis by RIA in 1987; b, analysis in 1988; 

16 *, l iu » 5 /ig; @, daughters of transgenic male 6LL225] 
17 

18 The human FIX protein in transgenic sheep milk has been 

19 visualised by Western blotting and also shown to have 

20 biological activity. However, the level of protein in 

21 the milk is far below that necessary for commercial 

22 exploitation. 
23 

24 AATA: 
25 

26 This construct comprises the cDNA encoding human AAT 

27 inserted into the first exon of the BLG gene. it is 

28 equivalent to FIXA and thus can be considered as an 

29 example of the generalised construct designated 

30 pSSltgXS-TARG as described in WO-A-8800239 . It has 

31 been used to produce transgenic sheep and mice. 
32 
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1 Sheep Description RNA AAT Protein* 

2 6LL273 GO female 

3 61X167 GO female nd + (2-10 tig/ml) 

4 7LL183 GO female nd nd 

5 *protein detected and estimated by Western blotting of 

6 milk samples 

7 nd; not done 
8 

9 Western blots of milk whey samples from normal and the 

10 two transgenic sheep analysed are shown in Figure 14 

11 [lanes 1, 7LL167 (AATA) ; 2, control sheep whey; 3, human 

12 serum pool; 4, 7LL167 (AATA) ; 5, 6LL273 (AATA) ; 6, 

13 control sheep whey] . 
14 

15 The human AAT (arrowed) is clearly evident in milk whey 

16 samples from 6LL167 but is not present in that from 

17 6LL273 or control sheep milk. Under these conditions 

18 endogenous AAT present in sheep milk is detected by the 
19 t anti-^human sera and has a greater electrophoretic 
20 mobility than its human counterpart. 

21 

22 The levels of human AAT estimated to be present in the 

23 transgenic sheep milk are low and are not sufficient 

24 for commercial exploitation. 
25 

26 Expression of the AATA construct has also been studied 

27 in transgenic mice. 
28 

29 
30 

31 
32 
33 
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1 Mice Description rna AAT protein* 

2 AATA1.5 line segregating 

3 from AATA1 

4 AATA1.8 line segregating 

5 from AATA1 + + («2^g/ml) 

6 AATA5 mouse-line + + (2-10Mg/ml) 

7 AATA31 mouse-line 

8 *AAT protein detected and estimated by Western 

9 blotting. 
10 

11 Western blots of TCA precipitated whey samples from 

12 normal and transgenic mice are shown in Figure 15 

13 [Lanes 1, human alpha 1 -antitrypsin antigen (Sigma); 2, 

14 human serum; 3, mouse serum; 4, AATA 1.8.1 whey; 5, 

15 AATA 1.5.10 whey; 6, human and mouse serum; 7, control 

16 mouse whey; 8, AATA 5.30 whey; 9, AATA 1 whey; 10, 

17 human serum; 11, mouse serum]. The human AAT (arrowed) 

18 is clearly evident in preparations from mouse-line 

19 AATA5 and is just about visible in mouse-line AATA1.8. 

20 Cross-reaction of the anti-human sera with endogenous 

21 mouse AAT (which migrates slightly faster than its 

22 human counterpart) is also evident. 
23 

24 The levels of expression observed in mouse-line AATA5 

25 are of the same order of magnitude as is observed in 

26 transgenic sheep 7LL167, and as such would not prove 

27 commercial even if obtained in a dairy animal such as a 

28 sheep. 
29 

30 BLG- BLG 
31 

32 This construct* comprises the BLG cDNA inserted into 

33 exonl of the BLG structural gene. The construct is 
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1 analogous to AATA and FIXA (ie pSSltgXS-TARG) in that 

2 the complete structural gene of BLG is present as well 

3 as the cDNA insert. In this case, however, the insert 

4 is a cDNA encoding a milk protein, rather than a cDMA 

5 from a gene normally expressed in another tissue. The 

6 expression of this construct was assessed in transgenic 

7 mice. 
8 

9 Mice Description RNA BLG protein* 

10 BB4 GO female + +(<.005mg/ml) 

11 BBS GO female + +(~.005mg/ml) 

12 BB19 GO female + + (<. 005rag/ml) 

13 BB47 GO female + +(<.005mg/ml) 

14 BBSS GO female nd +(<. 005mg/ml) 

15 *detected and estimated by Western blotting 

16 nd = not determined 
17 

18 The construct was expressed tissue-specifically in the 

19 four mice in which RNA was analysed. In all five 

20 animals low levels of BLG were detected in the milk. 

21 These levels of BLG are far below that observed with 

22 expression of the normal structural BLG gene (eg see 

23 Example 7 in WO-A-8800239) . The data show that the 

24 'A- type' construct even when encoding a natural milk 

25 protein gene such as BLG (which is known to be capable 

26 of very high levels of expression in the mammary gland) 

27 is not expressed efficiently in the mammary gland of 

28 transgenic mice. This suggests that it may be the 

29 configuration of cDNA (whether FIX, AAT or BLG) with 

30 the genomic BLG sequence (ie insertion into the first 

31 exon) which is responsible for the low levels of 

32 expression of this type of construct. 
33 
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1 AATD 

2 

3 This construct comprises the AAT cDNA fused to 5 ' BLG 

4 sequences and with 3' sequences from exons 6 and 7 of 

5 BLG and the 3' flanking sequences of the BLG gene. 

6 This gene contains no introns. its potential for 

7 expression was assessed in transgenic mice:- 
8 

9 Mice Description RNA AAT Protein* 

10 AATD12 GO female 

11 AATD14 GO female 

12 AATD31 GO female 

13 AATD33 GO female 

14 AATD9 mouse-line 

15 AAT21 mouse-line 

16 AATD41 mouse-line 

17 AATD47 mouse-line - 

18 *assessed by Western blotting 
19 

20 None of the transgenic mice carrying AATD expressed the 

21 transgene. 
22 

23 PIXD This is an analogous construct to AATD and 

24 comprises the FIX cDNA sequences fused to BLG 5 ' and 3' 

25 sequences (including exons 6 and 7) and contains no 

26 introns. Expression was assessed in transgenic mice. 
27 

28 
29 
30 
31 
32 
33 
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1 


Mice 


Description RNA FIX Protein* 


2 


FIXD11 


GO female - - 


3 


FIXD14 


GO female 


4 


FIXD15 


GO female - - 


5 


FIXD16 


GO female 


6 


FIXD18 


GO female - - 


7 


FIXD20 


mouse-line 


8 


FIXD23 


mouse-line - - 


9 


FIXD24 


mouse- line 


10 


FIXD26 


mouse-line - - 


11 


*assessed by Western blotting 


12 






13 


None of the transgenic mice carrying FIXD expressed the 


14 


transgene. 


15 






16 


These data, together with those from AATD, suggest that 


17 


a simpl 


e configuration of BLG 5' and 3' sequences and 


18 


target 


cDNA sequences (ie FIX or AAT) in which no 


19 


introns 


are present- in the construct will not be 


20 


expressed efficiently, if at all, in the mammary gland 


21 


of a transgenic animal. 


22 






23 


AATC 




24 






25 


This construct comprises the AAT cDNA inserted into the 


26 


second 


exon of BLG. It was constructed to determine 




whether 


or not inserting the target cDNA (in this case 


28 


AAT) at 


a site distant from the promoter (ie in the 


29 


second rather than in the first exon) would improve the 


30 


levels 


of expression. Expression was assessed in 


31 


transgenic mice. 


32 






33 
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1 


Mice 


Description 


RNA 


AAT 


2 


AATC14 


GO female 


- 


- 


3 


AATC24 


GO female 






4 


AATC25 


GO female 






5 


AATC30 


GO female 






6 


AATC4 


mouse-line 






7 


AATC5 


mouse-line 






8 


AATC27 


mouse-line 






9 


♦assessed by Western blotting 







10 

11 Only one out of seven 'lines' expressed the transgene 

12 as determined by RNA; in this line no AAT protein was 

13 detected f presumably because re-initiation from the 

14 initiating ATG of the AAT sequences did not occur. In 

15 the RNA-expressing line expression appeared to occur 

16 only in the mammary gland although at low levels, 

17 These data would suggest that moving the site of 

18 insertion of the target cDNA to the second exon (and 

19 thus including intron 1 of * the BLG) does not yield 

20 improved levels of expression of the target cDNA (in 

21 this case AAT) • 
22 

23 DELTA A2 

24 

25 This construct contains the minimum ovine BLG sequences 

26 that have so far been shown in transgenic mice to be 

27 required for efficient and tissue-specific expression 

28 of BLG in the mammary gland. It is a 5' deletion 

29 derivative of pSSltgXS (WO-A-8800239) and has only 

30 799 bp of sequence flanking the published mRNA cap site 

31 (Ali and Clark, (1988) J. Kol. Biol. 199, 415-426). 

32 This deleted version of pSSltgXS has been used to 

33 produce transgenic mice. 
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1 Mouse Description RNA BLG Protein* 

2 DELTA A2/1 GO female + + ~2mg/ml 

3 DELTA A2/28 GO female + + ~3mg/ml 

4 DELTA A2/38 GO female + + <0.15mg/ml 
5 

6 Detected by Coomassie blue staining: estimated 

7 densitometrically . 
8 

9 The DELTA A2 constructs shows that 799 bp of 5' 

10 flanking sequences are sufficient for correct and 

11 efficient expression of BLG in the mammary gland of 

12 transgenic mice. This construct also contains the 

13 4.9kb transcription unit of BLG and 1.9kb of 3 'flanking 

14 sequences. It is conceivable that important regulatory 

15 sequences for mammary expression are present in these 

16 regions. (However, note the result with AATB in which 

17 these sequences were absent and yet efficient mammary 

18 expression was obtained.) 

20 EXAMPLE 4 ; PREPARATION OF FACTOR IX CONSTRUCT 
21 

22 Strategy 
23 

24 The expression in transgenic sheep of a human Factor IX 

25 gene, called BLG-FIX, is disclosed in WO-A-8800239 and 

26 Clark efe al (1989) ( Biotechnology . 7 487-492) , both of 

27 which are herein incorporated by reference, insofar as 

28 the law allows. Since this construct has been 

29 previously referred to as FIX A . this nomenclature is 

30 retained. Essentially the FIX A construct comprises 

31 the insertion of a human FIX cpNA into the first intron 

32 of the complete (ie all exons and introns present) 

33 sheep betalactoglobulin (BLG) gene. This example 
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1 relates to the modification of this FIX A construct to 

2 the effect that the first intron of the human genomic 

3 FIX gene has been inserted at the appropriate position, 

4 into the FIX cDNA, so that on transcription of the new 

5 gene, a primary transcript containing an intron will be 

6 produced. When this transcript is correctly spliced, a 

7 transcript will be generated, which on translation, 

8 will generate exactly the same protein as the original 

9 FIX A construct. 
10 

11 The contruction route shown below is complicated, but 

12 the methods used are as described in Example 1. The 

13 difficulties were caused by the size of human FIX 

14 genomic DNA fragments and the requirement to develop 

15 new shuttle vectors to allow the suitable manipulation 

16 of the BLG and FIX DNA sequences. 
17 

18 A. 

19 Aims 

20 Construction of - 
21 

22 a) pUC Ftt - modified cloning vector - 

23 b) pUC XS - pUC PM containing BLG genomic DNA. 

24 c) pUC XS/RV - pUC XS containing a unique EcoR V 

25 restriction site in the BLG 5' 

26 untranslated region. 
27 

28 Details 
29 

30 i A double stranded synthetic linker DNA including 

31 in the following order the restriction sites for 

32 the enzymes ficoRl, £vul, Mini, Sai l. EcoRV f Xbal, 

33 £yul, JJluI, Hindlll (see Fig 16a) was ligated into 
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1 gcoRI/Hizidlll digested, gel purified, pUC 18 

2 (Boehringer) to generate pUC PM (see Fig 16a) . 

3 The insertion was checked by both restriction 

4 analysis and direct sequencing. 
5 

6 ii A Sall-Xfaal fragment purified from pSSltgXS (this 

7 contains the Xfe^I-Sall BLG genomic fragment in 

8 pPOLY III. I (see Figure 3 of WO-A-8800239) was 

9 ligated into Sall/ Xba l digested, CIP (calf 

10 intestinal phosphatase) . (see Fig 16a) - treated, 

11 gel purified, pUC PM to give pUC XS. This was 

12 checked by restriction analysis. 
13 

14 iii A synthetic ECo RV linker 
15 

16 (5' TCGACGCGGCCGC6ATATCCATGGATCT ) 

17 ( GCTGCGCCGGCGCTATAGGTACCTAGAGATC 5') 
18 

19 was ligated into the unique Pvu II. site of 

20 PvuII-digested pSSltgSE (see WO-A-8800239 - 

21 pSSltgSE comprises a Sph l- EcoR I fragment of BLG 

22 inserted into pPOLY III. I; the PvuII site is 3 0 

23 bases downstream of cap site in the first exon of 

24 BLG) - see Fig 16b. 
25 

26 iv The Sph l- Not I fragment containing the Eco RV linker 

27 was gel purified from pSSltgSE/RV and ligated into 

28 the Sph I, Not I digested, CIP - treated, gel 

29 purified pUC XS, generating pUC XS/RV - see Fig 

30 16b. 
31 

32 This was checked by restriction analysis. 
33 
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1 B. 

2 Aims 

3 Construction of - 
4 

5 a) Clones 9-3, B6 and 9 Hll - cloning vehicles from 

6 transfer of various portions of FIX genomic DNA. 
7 

8 b) Clone 11-6, this comprises exons 1, 2, 3 and 

9 introns 1, 2 of FIX inserted into ptJC 9. 
10 

11 PetaUs 
12 

13 i Cosmid clone CIX2, containing part of FIX gene, 

14 was obtained from G. Brownlee (see GB-B-2125409 , 

15 also P.R. Winslip, D. Phil Thesis, Oxford, and 

16 Anson et £i (1988) EMBO J. 7 2795-2799). 
17 

IS iTgte In the following description - the assignment of a 

19 base number to a restriction site refers to the 

20 number of bases the site is upstream (mins sign) 

21 or downstream of the cap site in the first FIX 

22 exon. These numbers are obtained by analogy, from 

23 published FIX sequence of Yoshitake et 

24 (1985) Biochemistry 24 3736-3750. 
25 

26 ii Clone 9-3 was produced by ligating gel purified 

27 BasHI (-2032) - EcoRI (5740) fragment from cIX2 

28 into MmHI/EcaRI -digested, CIP-treated, gel 

29 purified, pUC 9 (see Fig 17) . 
30 

31 iii Clone 9 Hll was made by ligating the gel purified 

32 gindlll (810) - Hindlll (8329) fragment from cIX2 

33 into Hindi 1 1 -digested, CIP-treated, gel purified 

34 pUC 9 (see Fig 17) . 
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1 iv Clone 9-3 was digested with BajnHI and Hr»al. end 

2 filled with the Klenow enzyme, and the large 

3 fragment was gel purified and ligated to produce 

4 clone B6 (see Fig 17) . The net effect of this is 

5 to remove the FIX sequence between -2032 and -830. 
6 

7 v Clone 9H 11 was digested with Sai l and Bal ll. 

8 CIP-treated and then the large fragment, now 

9 lacking the regions between the vector Sai l site 

10 and the FIX Bglll site (3996) was gel purified. 

11 This was ligated with the gel purified Sai l 

12 (vector) - Bglll (3996) fragment from clone B6, to 

13 generate clone 11-6 (see Fig 17) which contains 

14 FIX sequence -830 - -8329 (ie exons 1,2,3 introns 

15 1,2). 
16 

17 C. 

18 Aims 

19 Construction of - 
20 

21 a) Clone C8 (incorporating 5' portion of FIX cDNA) . 

22 b) Clone C81.SK (incorporating 5' portion of FIX cDNA 

23 + FIX intron I). 
24 

25 Details 
26 

27 i FIX A (FIX cDNA in BLG gene, called BLG FIX in 

28 Clark et al, (1989) Biotechnology 7 487-492, also 

29 see WO-A-8800239) was digested with Sph 1/Bst Y 1. 

30 The small fragment was gel purified and ligated 

31 into SEhl/BamHI-digested, CIP-treated, pUC 18 

32 (Boehringer) generating clone C8 (see Fig 18) DNA 

33 was prepared by growth in a dam" E . coli host (SK 

34 383) to allow Bel digestion. 
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1 Note C8 contains most of FIX cDNA and 2 out of 3 Bel l 

2 sites (at positions 2 and 81 upstream of the first 

3 nucleotide of the first AUG of the FIX cDNA 

4 sequence shown in Fig 9, GB-B-2125409 ; these are 

5 equivalent to Bel sites 46 (exon 1) and 6333 (exon 

6 2) of genomic DNA. 
7 

8 ii C8 was digested with Bell , CIP-treated and the 

9 large fragment retained after gel purification. 
10 

11 iii Clone 11-6 DNA was prepared from E. coli host SK 

12 38 3 (dam") and the 6287 bp Bel l fragment 

13 containing intron 1 purified and ligated with the 

14 large C8 fragment described in ii above, to 

15 generate C81 SK - see Fig 18. The Bel junctions 

16 were sequenced to confirm reconstruction of Bel 

17 sites . 
18 

. 19 4. . 

20 Aims 

21 Construction of - 
22 

23 a) J FIX A (FIX A insert transferred to pUC FM) . 

24 b) SP FIX (A cloning vehicle for transfer of intron 1 

25 to J FIX A) . 
26 

27 Details 
28 

29 i SEbl-Notl fragment from FIX A, containing FIX cDNA 

30 and flanking BLG sequence was gel purified and 

31 ligated into Sphl/Notl digested, CIP-treated , gel 

32 purified pUC XS/RV to generate J FIX A (see Fig 

33 19). 
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1 ii Sph-Nrul fragment containing FIX cDNA from J FIX A 

2 was gel purified and ligated into Sphl/EcoRV 

3 digested, CIP treated, pSP 72 (promega Biotech) to 

4 generate SP FIX (see Fig 19) . 
5 

6 £• 

7 Aims 

8 Construction of - 
9 

10 a) b 11 - cloning vehicle containing FIX intron 1. 

11 b) J FIX A 1 - final "minigene" construct for 

12 construction of transgenics. 
13 

14 Details 
15 

16 i SP FIX and C81.SK digested to completion with 

17 Seiil, then partially digested with Ssp 1*. A 7.2 

18 kb fragment from C81.SK containing FIX intron 1 

19 was ligated with the CIP-treated*, gel purified 

20 large fragment of SP FIX to generate clone b 11 

21 (see Fig 20) which contains the complete FIX cDNA 

22 and FIX intron 1. 
23 

24 ii The Sph l- Not I fragment from bll containing the FIX 

25 sequences was gel purified and ligated into 

26 Sph l/ Not I digested, CIP-treated J FIX A to 

27 generate J FIX A 1 (see Fig 20) . 
28 

29 *Note - In SP FIX, there is a Ssp I site in vector which 

30 was not excised in the partially digested fragment 

31 shown. Likewise in C81.SK there are four Ssp l 

32 sites in the FIX intron. The 7.2K fragment 

33 contains all these four sites and in fact 
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1 terminates at the Ssp l site at position 30830 b of 

2 the genomic FIX sequence. 
3 

4 F. 

5 

6 Transgenic mice were constructed as described in 

7 Example IB, and identified as described in Example 1C. 

8 One male and one female transgenic mice were initially 

9 identified. 



10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
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1 CLAIMS 
2 

3 1, A genetic construct comprising a 5' flanking 

4 sequence from a mammalian milk protein gene and DNA 

5 coding for a heterologous protein other than the milk 

6 protein, wherein the protein-coding DNA comprises at 

7 least one, but not all, of the introns naturally 

8 occurring in a gene coding for the heterologous protein 

9 and wherein the 5 '-flanking sequence is sufficient to 
10 drive expression of the heterologous protein. 

11 

12 2. A construct as claimed in claim 1, wherein the 

13 milk protein gene ia a beta-lactoglobulin gene. 
14 

15 3. A construct as claimed in claim 2, including about 

16 800 base pairs upstream of the beta-lactoglobulin 

17 transcription start site. 

18 • 

19 4. A construct as claimed in claim 2, including about 

20 4.2 kilobase pairs upstream of the beta-lactoglobulin 

21 transcription start site. 
22 

23 5. A construct as claimed in claim 1, wherein the 

24 heterologous protein is a serine protease. 
25 

26 6. A construct as claimed in claim 2, wherein the 

27 heterologous protein is a blood factor. 
28 

29 7. A construct as claimed in claim 1, in which all 

30 but one of the natural introns are present. 
31 

32 8. A construct as claimed in claim 1, in which only 

33 one of the natural introns are present. 



WO 90/05188 



PCT/GB89/01343 



76 



1 9. A construct as claimed in claim 1 comprising a 

2 3 '-sequence, 
3 

4 10. A method for producing a substance comprising a 

5 polypeptide, the method comprising introducing a DNA 

6 construct as claimed in claim 1 into the genome of an 

7 animal in such a way that the protein-coding DNA is 

8 expressed in a secretory gland of the animal. 
9 

10 11. a method as claimed in claim 10, wherein the 

11 animal is a ma mm al and the secretory gland is a mammary 

12 gland. 
13 

14 12. A vector comprising a genetic construct as claimed 

15 in claim 1. 
16 

17 13. A cell containing a vector as claimed in claim 12. 
18 

19 14. An animal cell comprising a construct as claimed 

20 in claim 1. 
21 

22 15. A transgenic animal comprising a genetic construct 

23 as claimed in claim l integrated into its genome. 
24 

25 16. A transgenic animal as claimed in claim 15 which 

26 is capable of transmitting the construct to its 

27 progeny. 
28 

29 17. A method for producing a substance comprising a 

30 polypeptide, the method comprising harvesting the 

31 substance from a transgenic animal as claimed in claim 

32 15. 
33 
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SphI 

g c atg e g c c \z c tg tataagg c ccc aagc c tgc tg t c tcagccctcc 

BLG|AAT 

*-> MetProSerSer 
actccctgcagagctcagaagcacgaccccag | cgaca atg ccg tc t tct 

PvuII-0 J TaqI-0 

ValSerTrpGlylleLeuLeuLeuAlaGlyLeuCysCysLeuValPro 
gtctcgtggggcatcctcctgctggcaggcctgtgctgcctggtccct 

AAA 

BamHI 

ValSerLeuAlaG luAspProGlnG lyAsp 
g tct ccc tgg c tgaggatcccc agggagat 



Sequence of AATBJpIII -ISBLGgAAT) from the SphI site 
corresponding to the 5' flanking sequences of 
P -lactoglobulin through the fusion to the alphal- 
anfitrypsin sequences. The key restriction sites for 
SphI and BamHI are underlined. 

* = transcription start point 
BLG = p- lactoglobulin 
AAT = ct1 -antitrypsin 

A ~ = indicate three nucleotides missing from the 
published sequence of Ciliberfo, Dente & Cortese (1985) 
Cell 47, 531 -540, but clearly present in the clone 
p8d1ppg procured from these authors. The nucleotides are 
present in the published sequence of ct1 -antitrypsin 
described by Long, Chandra, Woo, Davie & Kurachi (1984) 
Biochemistry 23, 4828-4837. 
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163 bp Sphl-SM fragment 
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Fig. 7. 
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Construction of AATC ■ pSSIpUCXSAAT. TGA 

1. Synthesis of oligonucleotides : 5' CTTGTQATATCG 

3' CACTATAGCTTAA 5' 

2. Ligate annealed oligos into Sfyl/EcoRI cleaved pSSUgSE to 
construct plasmid pSS1tgSE.TGA 

E Sp St E V 

5' ^ — ^ x | 3' 

3. Cleave with EcoRl: Blunt with Klenow polymerase. Second cleavage 
with SphH. Isolate SpM-EcoRI (blunted) fragment. 

Sp VE 
5' L f — | 3' 

4 Cleave plasmid pBJ7 (this patent) with SphI and Pvu H. Isolate 
large U.3 kb) fragment. 

5. Ligate Sphl-EcoRI(blunt) fragment (3) with Sphl-PvuU fragment 
(V to produce pSSUgSpX. TOA 

X Sp VEsP(O) X 
5'' J 3' 

6. Isolate Sphl-Xbal insert from pSSltgSpX. TGA (5) and ligate to 
4.2 kb Sall-SphI fragment from pSSltgXS (previous patent) and 
Xbal-Sall cleaved pUCIB to yield pSSIpUCXS.TGA 

v —U.2kb — 

75j Sa Sp VE X 

{iiiiiiiiiiiaim^ — // ^ — 1§^ : — 1 3' 

7. Insert AccI-HindM AAT insert from p(JC8a1AT.73 (this patent) into 
the unique EcoRV site of pSSIpUCXS.TGA to produce 
pSSIpUCXSAAT. TGA. For microinjection the Xbal-Sall fragment is 
excised from the vector. 

v —U.2kb— 

i S' Sa Sp E „ X 



J 



pPOLY} ESI pUCWj BLG intron or flanking, 

^ BLG exonsj EES AAT S I oligo. 

E,EcoRI } X, Xbal : Sa, Sall } Sp, Sphl } V, EcoRV-, St Styh P(Ol 

inactivated PvuRsite. 



Fig. 9. 
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pSSItgSpX 
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Sm 



Pv 



Sm 1 ** 



Sm Sm Xb 
JU — l— L 



4 56 7 
PvuU digest and self- ligation 
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Pv Sm 
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■ I ■ ii 



Hd 
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Hd 



^15671231567 
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PvuE digest and self- ligation 



0 Smal and 
HincR sites 
destroyed 



Fig.Wa. 
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cAAT VYs_ 
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3-way ligation: HindUI-Xbal pUC19 
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J I 
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EXPRESSION OF HUMAN AAT IN TRANSGENIC SHEEP MILK 



i 




L Fig.%. 

1 2 3 U 5 6 
EXPRESSION OF HUMAN AAT IN THE MILK OF TRANSGENIC MICE 
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Synthesis of Functional Human Hemoglobin in 
Transgenic Mice 



Richard R. Behringer, Thomas M. Ryan, Michael P Reilly 

SSl RICHARD D - ?MMnE ^ L - 

Human a- and P-globin genes were separately fused dowmtmn, . . u 

» * Provides a foundation for production J^SSi 
human hemoglobinopathies such as sickle cell disease. ot 



CORRECTLY REGULATED EXPRESSION 
of human p-globin genes in trans- 
genic mice is well documented (1, 
2). The human gene is expressed onlv in 
adult erythroid tissue and, in some animals 
with relatively high transgene copv num- 
bers, the level of human P-globin mRNA is 
equivalent to endogenous mouse 0-giobin 
mRNA. Analysis of constructs with p-glo- 
bin gene fragments inserted upstream of a 
reporter gene demonstrate that sequences 
located immediately upstream, within and 
downstream of the gene contribute to the 
correct temporal and tissue specific expres- 
sion (3). Sequences located 50 kb upstream 
of the p-globin gene also have an effect on 
globin gene expression (4-8). When these 
sequences that contain ervthroid-specific, 
DNasc I supcr-hypenensitive (HS) sites are 
&sed upstream of the human P-globin gene 



and injected into fertilized mouse eggs, large 
amounts of human p-globin mRNA are 
synthesized in virtually all transgenic mice 
that develop (5, 7). These experiments sug- 
gest that the super-hypersensitive sites de- 
fine locus activation regions that "open" a 
large chromosomal domain for expression 
specifically in emhroid cells and dramatical- 
ly enhance globin gene expression. 

The human a 1 -globin gene is also ex- 
pressed at high levels in ervthroid tissue of 
transgenic mice when the 'injected gene is 
flanked by super-hypersensitive sites from 
the human p-globin locus (8). Thus a com- 



plete human hemoglobin could be synthe- 
sized in mice if human a- and P-globin gene 
constructs were coinjected into fertilized 
eggs. Previous studies demonstrated that 
rwo of the five HS sites in the p-globin locus 
wercsufficient for high-level expression (7 
8). Therefore, we inserted HS I and II (* 
12.9-kb Mlu I-Cla I fragment) upstream of 
me human al- and P-globin genes (Fig 1) 
and coinjected equimoiar amounts of these 
constructs into fertilized mouse eggs (9) 
The eggs were transferred into the oviducts 
of pseudopregnant foster mothers, and sev- 
en transgenic mouse lines were established 
from founder animals that contained intact 
copies of the injected fragments. Total RNA 
from ten tissues of adult progeny were then 
analyzed for correctly initiated human a-, 
human P-, mouse a-, and mouse p-globin 
mRNA by primer extension (W) (Fig. 2A). 
Human a- and p-globin transgenes were 
expressed only in blood and spleen, which 
are both erythroid tissues in mice; detection 
in the lung is the result of blood contamina- 
tion (11) because both human and mouse a- 
and P-globin mRNA arc observed in this 
nonerythroid tissue. Human a- and p-glo- 
bin mRNA levels in blood, as measured by 
solution hybridization, were 100% and 
120% of endogenous mouse ft-globin 
mRNA, respectively. Therefore, ervthroid- 
specific, human a- and p-globin gene 
expression can be achieved in adult trans- 
genic mice after coinjection of a- and 0- 
globin constructs that contain HS I and II. 

To determine whether complete human 
hemoglobins were formed, we separated 
hemolysatcs (12) of the blood of animals 
from two different transgenic lines bv non- 
denaturing isoelectic focusing (IEF) (Fig. 
2B). The first lane is a mouse control and 
the last lane is a normal human sample. The 
predominant band in each of the controls is 
the major adult hemoglobin; mouse a 2 p 2 or 
human a 2 p 2) respectively. In both trans- 
genic mouse samples 5394 and 5393, bands 
that run at the same pi as human Hb A 



iv in 

II 



y{i yq2yal q2 al 61 



VP 



Human ct-globin Jocus 



LnL^*™^ ^ R L - Brinsttr ' Laboratory of 
Reproduce Iwioey, School of Veterinary Mcdi- 
itv of Pennsylvania, Philadelphia, PA 



Human p-globin locus 



cine, University 
19104. 

J&n/J^ ToWnC$ l ^rwtment of Biochem- 
aEL™ D ° f A**"™ ™ d Dentistry, University of 
M p? * B ™n*ham, Birmingham, AL 35294. ' 

^ ^akura, Department of Pediatrics 
go Department of Biochemistry and Biophysics, The 

iST** 1 of PhiUdelphia, UnivoStv of Penn 
JVivanja, Phiiactlphia, PA 19l64. ' m 

HnSL P *J™ cr v department of Biochemistn', Howard 

^^^8195 ^ Univereit y of **nington, 

1 SEPTEMBER 1989 



II 
i 



al 



t« HS 1,11 a 



11 

I 



I 



►»! HS 1,11 P 

gtobin" W^d^oScS ~ Ei ^ c of the human 0- 

sit«"Sbmt™l ;nH ft ^l a '^ bm ^ 10 ^ The brackets beneath the HS 

I Jf2 gCnCl ' P-SWw gene indicate fragments used for construction. A 12 9-kb Mlu I-Ch 

fro^^an^^^ ™Z) 2« mdU 

£ecJ RJ T£££2Z u W u """"J mt ° 3 modi6ed P°C19 plasmid upstream of a 3.8-kT Bg 
hunS KS^^OT^ S 1 :^ « CnC or a 4.1-kb Hpa I-Xba I fragment wi* Z 

™£S£* " 17 °: kb With HS 1>n °-« lobin Md H S MI P-globin 

were separated from plasmid sequences and coinjected into fertilized mouse eggs (?). 

REPORTS 971 



ma— 
mfl- 



- 55 




Fig. 2. Expression of human a- and 3-giobin genes in transgenic mice (A) 
V? CT <^TfI° n ^afysis of total RNA from ten tissues of an HS I jl a- 
globui/HS 1,11 0-globin transgenic mouse. Human reticulocyte and mouse 
fetal liver RNAs are controls. Authentic human 0- and a-globin primer 
extension products are 98 bp and 76 bp, respectively; correct mouse a- and 
p-globin products are 65 and 53 bp, respectively (7, 8). Human a- and 0- 



(ha 2 hg 2 ) and mouse hemoglobin (ma 2 m3 2 ) 
arc observed. In addition to human and 
mouse hemoglobins, two other major bands 
were observed in both transgenic samples. 
To determine the composition of these 
bands and to confirm the human and mouse 
hemoglobins, the four bands in sample 
5393 were excised from the gel and analyzed 
on a denaturing cellulose acetate strip \l3) 
(Fig. 2C). Control lysatcs of mouse, human, 
and 5393 blood samples were separated in 
lanes on the left. Mouse a- and 0-globin 
polypeptides, as well as human a- and 0- 
globin polypeptides, were well separated on 
mis strip. Sample 5393 contained all four 
polypeptides; the human a- and 0-globin 
polypeptides were 110% and 106% of the 
amounts of mouse a- and 0-globin, by 
densitometry analysis. The top band (band 
1) of sample 5393 in Fig. 2B is composed of 
human a- and mouse 0-giobm chains. The 
second band is mouse a- and mouse 0- 
globin and the third band is human a- and 
P-globin as expected. Hie polypeptides com- 
posing band 4 in Fig. 2B are barely visible in 
Fig. 2C but arc dearly mouse a- and human 
P-globin. Therefore, normal amounts of hu- 
man hemoglobin can be synthesized in adult 
mice, and multiple combinations of giobin 
polypeptides are possible [see note (14)]. 

The functional properties of human, 
mouse, and hybrid hemoglobins synthesized 
by transgenic mice were assessed by deter- 
minauon of oxygen equilibrium curves 
(OEC) and by calculation of values. The 
Pso is the partial pressure at which hemoglo- 
bin is half saturated with oxygen and is 
inversely related to hemoglobin oxygen af- 
finity. All four hemoglobins described above 
were purified by preparative IEF (IS) and 
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Fig. 3. Oxygen eguilibrium curves (OEC) of 
hemoglobins purified from 5393 transgenic 
mouse progeny. Hemoglobins of 5393 progeny 
were separated on preparative isoelectric focusing 
gels (IS). Bands 1 to 4 (top to bottom) illustrated 
in Fig. 2B were purified from gel slices and the 
OEC of each hemoglobin band was determined in 
0.1M potassium phosphate, pH 7.0 at 20°C (16). 
The Pso of band 1 (ha 2 m0 2 ) is 15.7 mmHg, band 
2 (ma 2 m0 2 ) is 11.1 mmHg, band 3 <ha-,h0 2 ) is 
8X) mmHg, and band 4 (ma 2 h0 2 ) is 4.7 mmHg. 
The P50 of human hemoglobin in these transgenic 
mice is identical to the P50 of native Hb A. 



the OEC for each was determined (16) (Fig. 
3). The OEC were normal, sigmoid-shaped, 
and demonstrate that all four hemoglobins 
bind oxygen cooperatively. The P 50 of hu- 
man hemoglobin synthesized by transgenic 
mice is 8.0 mmHg, which is identical to the 
P50 of native human Hb A. Interestingly, 
the oxygen affinities of the two hybrid tetra- 
mers differ significantly from human and 
mouse hemoglobins. The ha 2 m0 2 hvbrid 
has an extremely low O2 affinity; the P30 is 
15.7 mmHg. In contrast, the 0 2 affinitv for 
ma 2 h0 2 is extremely high; the P 50 for this 
hemoglobin is 4.7 mmHg (17). 
Finally, the hematological values of six 



gtobin mRNA detected in lung is the result of incomplete perfusion (11) 
Mouse a- and 0-globin mRNA arc also observed in this nonervthroid tissue 
t!t N p ndc ^tunng, isoelectric focusing of transgenic mouse' hemoivsato 
Hcmolysates of control mouse (lane 1), human (lane 4), and transgenic 
m ? U ff,i lancs J 2 3 ) blood were run on a native agarose isoelectric focusing 
gel (12) and photographed without staining. (C) Denaturing, cellulose 
acetate smp electrophoresis of transgenic mouse hemoglobins. Hemoglobins 
were denatured in alkaline-urea buffer, elcctrophoresed on cellulose Tcetatc 
strips, and stained with imido black (13). Lanes marked mouse, human, and 

(Uq^~T ^ °, f C ? nCroi mousc ' huma ^ ™ d transgenic mouse 
(5393) blood, respecnvely. Lanes marked 1 to 4 are hemoglobins purified 
from individual bands (numbered 1 to 4 from top to bociom) of sample 
on me isoelectric focusing gel in (B). 



transgenic progeny were determined and 
compared to five normal animals. Red blood 
cell counts and hematocrits for transgenic 
animals were normal and, interestingly, the 
values for hemoglobin and mean corpuscu- 
lar volume were in the normal range. Conse- 
quently, the calculated values of mean cor- 
puscular hemoglobin and mean corpuscular 
hemoglobin concentration (MCHC) for 
transgenic animals were normal. Thus the 
total hemoglobin concentration in trans- 
genic cnthrocytes is not increased even 
though reticulocytes contain 100% more 
giobin mRNA (18). Therefore, to maintain 
normal MCHC, all giobin mRNAs are ei- 
ther translated at reduced rates or a- and 0- 
globin polypeptides are less stable. Another 
possibility is that g;lobin synthesis ceases 
when the maximum intracellular concentra- 
tion of hemoglobin is attained. If the rate of 
giobin synthesis is normal, then a full com- 
plement of hemoglobin could be synthe- 
sized in half the time leading to faster matu- 
ration of reticulocytes. 

In summary, the results presented demon- 
strate that high levels of human a- and 0- 
globin mRNA can be coexpresscd in mice. 
The transgenes arc expressed specifically in 
crythroid tissue and levels of human hemo- 
globin equivalent to mouse hemoglobin can 
be achieved. In addition, the human hemo- 
globin produced in these mice is fully func- 
tional and the transgenic animals are pheno- 
typically normal. These results provide a 
solid foundaton for the production of trans- 
genic mice that synthesize high levels of 
other human hemoglobins. We have initiat- 
ed studies to synthesize high levels of human 
sickle hemoglobin in transgenic mice in an 
attempt to produce a mouse model of sickle 
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cell disease. Although sickle cell anemia was 
jhc first disease to be understood at the 
molecular level {19), there is still no cure or 
adequate treatment. If a transgenic mouse 
jpodel can be developed, new drug therapies 
jnd even gene therapies could be tested. 
Once perfected in model systems, protocols 
that are safe and effective for humans could 
be developed. 
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Circumsporozoite Protein Heterogeneity in the 
Human Malaria Parasite Plasmodium vivax 

Ronald Rosenberg,* Robert A. Wirtz, David E. Lanar, 
Jetsumon Sattabongkot, Ted Hall, Andrew P. Waters, 
Chusak Prasittisuk 

Phcnotypic heterogeneity in the repetitive portion of a human malaria circumsporo- 
zoite (CS) protein, a major target of candidate vaccines, has been found. Over 14% of 
clinical cases of uncomplicated Plasmodium vivax malaria at two sites in western 
Thailand produced sporozoites immunologically distinct from previously character- 
ized examples of the species. Monoclonal antibodies to the CS protein of other P. vivax 
isolates and to other species of human and simian malarias did not bind to these 
nonreactive sporozoites, nor did antibodies from monkeys immunized with a candi- 
date vaccine made from the repeat portion of a New World CS protein. The section of 
the CS protein gene between the conserved regions I and II of a nonreactive isolate 
contained a nonapeptide repeat, Aia-Asn-Gly-Ala-Gly-Asn-Gln-Pro-GIy, identical at 
only three amino acid positions with published nonapeptide sequences. This heteroge- 
neity implies that a P. vivax vaccine based on the CS protein repeat of one isolate will 
not be universally protective. 



MALARIA, A DISEASE CAUSED BY A 
mosquito- borne protozoan para- 
site of red blood cells, is so wide- 
spread and causes disability so severe that 
many strategies to control it have been 
devised. Recendy much effort has been fo- 
cused on the construction of vaccines de- 
signed to elicit a host immune response to 
sporozoites, the parasite stage injected into 
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humans by mosquitoes. The predominant 
surface, or circumsporozoite (CS), proteins 
of sporozoites are characterized by tandem!}* 
repeated peptide units that occupy about 
one-third of each molecule and arc immuno- 
genic (1-3). In Plasmodium vivax, one of four 
Plasmodium species naturally infecting hu- 
mans, the unit has been found to be a 
nonapeptide repeated about 20 times (2, 3). 
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